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PREFACE 

The  following  report  on  the  limestones  of  New  York  state 
deals  with  their  uses  in  the  various  industries,  but  does  not  in- 
clude the  use  of  limestone  for  building  or  road  construction. 

It  is  hoped  that  it  may  serve  two  purposes : 

1  To  give  information  to  quarry  owners  concerning  the  usee 
of  limestone  and  the  characters  which  the  stone  should  possess, 
to  make  it  of  value  for  these  different  applications. 

2  To  supply  limestone  consumers  with  information  regarding 
the  extent  and  character  of  the  limestone  formations  of  New 
York. 

Many  quarries  have  been  visited,  and  samples  collected  for 
analysis;  and,  while  the  chemical  work  has  not  been  carried  out 
in  as  much  detail  as  might  have  been  desired,  still  it  is  hoped 
that  the  analyses  given  may  serve  to  prevent  useless  search  in 
unpromising  localities.  In  the  preparation  of  that  portion  of 
the  report  relating  to  the  testing  and  manufacture  of  cement  the 
writer  has  drawn  freely  on  many  of  the  works  referred  to  in  the 
body  of  the  report 

The  writer  wishes  to  express  his  thanks  to  the  many  quarry 

owners  who  have  extended  courtesies  to  him  during  the  course 

of  the  work,  and  also  to  Dr  F.  J.  H.  Merrill,  state  geologist,  for 

many  valuable  suggestions. 

Heinrich  Hies 
Ithaca  N.  Y.  December  1900 
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LIME  AND  CEMENT  INDUSTRIES  OF  NEW  YORK 

ORIGIN  OF  LIMESTONE 

limestones  may  be  of  either  organic  or  chemical  origin,  those 
originating  in  the  former  manner  including  the  more  extensive 
known  deposits,  while  the  more  local  ones  are  confined  chiefly 
to  the  second  class. 

Most  surface  waters  contain  carbonic  acid  and  some  organic 
acids  in  solution,  and  these,  in  percolating  through  rocks  con- 
taining carbonate  of  lime,  take  the  latter  into  solution  in  the 
form  of  an  unstable  bicarbonate.  On  coming  in  contact  with 
the  air,  the  latter  is  deposited  either  as  stalactitic  growths  in 
caves,  or  on  the  surface  around  the  spring  formed  by  the  issuing 
water.  Such  a  deposit  is  known  as  travertin,  tufa  or  calcareous 
sinter.  In  the  United  States  extensive  deposits  of  this  type  are 
unknown,  but  many  local  ones  occur.  The  mammoth  hot  spring 
terraces  in  the  Yellowstone  park  are  examples  of  this,  and  in 
New  York  state  deposits  are  found  at  many  points,  the  best  known 
perhaps  being  the  so-called  "  petrified  marl "  at  Mumford,  and 
the  tufa  deposits  near  Clinton  (N.  Y.)  In  parts  of  Europe, 
specially  Italy,  large  deposits  of  tufa  are  also  known  to  occur. 
These  deposits  are  all  of  fresh-water  origin. 

It  seems  probable  that  the  deposition  of  the  carbonate  of  lime 
may  be  due  at  times  to  the  action  of  the  atmosphere ;  still  in  some 
instances  the  lower  forms  of  plant  life  imdoubtedly  play  a  part. 

0.  A.  Davis  has  recently  shown^  that  in  many  Michigan  lakes 
the  deposition  of  marl  is  still  going  on,  and  points  out  that  the 
precipitation  takes  place  on  the  surface  of  certain  small  plants 
belonging  to  the  Characeae. 

The  precipitation  may  be  caused  in  two  ways.  1)  If  the  water 
contains  lime  salts  in  excess,  held  in  solution  by  carbon  dioxid, 
the  former  vn\l  be  precipitated  when  the  latter  is  taken  up  by 

1  Jour.  geol.  8:  485. 
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dioxid.  It  rarely  occurs  perfectly  pure,  the  impurities  seldom 
falling  below  Ij^,  while  they  may  increase  to  such  an  extent  as 
to  prohibit  calling  the  rock  a  limestone.  The  impurities  com- 
monly present  are  silica^  alumina,  iron,  magnesia  and  organic 
matter.     Traces  of  suKuric  acid  are  also  met  with. 

The  siUca  may  be  present  either  as  pure  quartz;  combined  with 
alumina  in  the  form  of  clay;  or  less  frequently  as  an  element 
of  silicate  minerals  such  as  mica,  hornblende  or  pyroxene.  Silica 
may  practically  be  looked  on  as  an  inert  impurity  displacing  so 
much  carbonate  of  lime.  At  high  temperatures,  however,  when 
the  carbonic  acid  has  been  driven  off  and  oxid  of  lime  left,  the 
silica  will  flux  the  lime  with  great  eagerness.  Alimiina  is  usually 
present  as  clay.  With  an  increase  in  the  percentage  of  the  latter, 
limestone  passes  into  cement  rock.  If  present  to  the  extent  of 
only  4j<  or  5^,  alumina  is  an  inert  impurity  like  silica,  but,  when 
present  in  larger  amounts  as  a  constituent  of  clay,  it  facilitates 
the  expulsion  of  the  carbonic  acid  gas.  The  reason  for  this  is 
that  clay  contains  chemically  combined  water,  which  passes  off 
only  at  a  red  heat  or  at  the  same  time  as  the  carbonic  acid  gas. 
This  provides  an  atmosphere  of  watery  vapor  into  which  the 
carbon  dioxid  escapes  quicker  than  it  would  if  passing  off  into 
gas  of  its  own  kind. 

Iron  and  alkalis,  if  present  in  appreciable  quantity,  render 
the  limestone  more  easily  fusible,  and  may  necessitate  the  hand- 
picking  of  the  burned  rock  to  separate  clinkers.  Limestones 
often  contain  appreciable  amounts  of  magnesia.  When  the 
amount  of  MgO  is  6^  or  higher,  they  are  called  magnesian  lime- 
stones, but,  when  it  reaches  18^  or  20^,  the  term  dolomite  is  more 
frequently  employed.  Organic  matter  is  rarely  absent  from 
limestones,  and  a  very  small  amoimt  may  impart  a  gray  or  even 
black  color  to  the  rock.  While  a  total  of  0  or  5^  of  impurities 
does  not  mean  much  when  only  a  few  tons  of  stone  a  day  are 
used,  it  becomes  an  appreciable  item  when  the  consumption  at 
one  works  amoimts  to  200  or  350  tons  of  limestone  a  day. 
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Limestones  may  be  divided  into  lime  rock  and  cement  rock. 
The  former  when  burned  slakes,  or  falls  to  pieces  in  water  with 
the  evolution  of  heat.  The  latter  when  burned  does  not  slake 
but  forms  a  hard  mass  on  the  addition  of  water.  The  two  kinds 
grade  into  each  other,  and  under  each  group  several  subdivisions 
can  be  made,  as  below. 

(Limestone 
i^imesionee  ^  Magnesian  limestone 

{Slightly  argillaceous  limestone 
Argillaceous  limestone 
Argillaceous  magnesian  limestone 

This  classification  is  based  on  the  composition  and  uses  of  the 
rock. 

Whether  dolomites  have  been  derived  by  direct  chemical  pre- 
cipitation or  by  secondary  changes  has  been  much  discussed,  some 
arguing  for  the  former  method  of  origin ;  but  many  for  the  latter, 
admitting  the  first  explanation  to  hold  good  in  only  a  few  cases.^ 

It  is  definitely  known,  however,  that  dolomite  is  at  times  formed 
by  the  replacement  of  some  of  the  lime  carbonate  of  a  pure  lime- 
stone by  magnesium  carbonate.  This  process  of  dolomitization 
is  accompanied  by  a  shrinkage  in  the  rock.^ 

1  Gcikie,  A.    Textbook  of  geology,    Ed.  3.  p.   321. 

2Zirkel,  F.  Lehrbuch  der  petrographie,  3:  609.  Orton,  E.  8th  an.  rep't 
U.  S.  geol.  Bur.   pt   2,  p.  641. 
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SOURCES 

1  Sharpies,  S.  P.    Staghorn  coral,     {see  Am.  jour.  sci.  Mar,  1871,  p.  168) 

2  Hogbom,  A.  6.    Bermuda  coral  reef  rock,     {see  Neues  jahrb.  1894.  1:  269) 

3 Bermuda  coarse  lagoon  sediment.  " 

4 Average  of   14   analyses  of  the   coral   Lithothamnium.     {see 

Neues  jahrb.  1894.  1:  172) 

6  Oyster  shells,     {see  Geo],  of  New  Jersey  1868.    p.  405) 

6  Calculated  from  CaCOa 

7  Calculated  from  CaCO„  MgCO, 

8  Olcott,  £.  E.    Crystalline  Siluro-Cambrian  limestone,  Adams,  Mass. 

For  marble 

9  Limestone,  Bedford  Ind.     {see  Min.  ind.  3:  505) 

10  Solenhofen  lithographic  limestone,   {see  G.  P.  Merrill.    Stones  for  build- 

ing and  decoration,  p.  415) 

11  £gl«ston,  Thomas.    Limestone,  Hudson  N.  Y. 

12  Trenton  limestone,  Point  Pleasant,  0.     Vide  no.  10 

13  Surface  rock.  Bonne  Terre  Mo. 

14  Limestone,  Chicago,     {see  Min.  ind.  4:  508) 

15  Hydraulic  limestone,  Coplay  Pa. 

16  Hydraulic  limestone,  Kosendale  N.  Y.     {see  Min.  ind.  2:  49) 

17  Silicious  limestones,  Chicago  111.    Vide  no,  14 

18  Woodward,  R.  W.    Miocene  limestone.  Chalk  Bluffs  Wy.     {see  40th  par. 

Bur.  1:  542) 

19  Brewster,  B.  E.    Eocene  limestone,  Henry's  Forks  Wy.  {see  40th  par.  sur. 

1:  542) 

20  Whitfield,  J.  E.     Travertin  below  hotel  terrace  Yellowstone  park,      {see 

9th  an.  rep't  director  U.  S.  geol.  sur.  p.  646) 


GEOLOGIC  OCCUKRENCE 

Beds  of  limestone  occur  in  deposits  of  almost  every  geologic 
age  from  Archaean  to  Tertiary.  In  New  York  state  they  are 
found  in  every  formation  except  the  Carboniferous,  Triassic  and 
Cretaceous. 

Geologic  age  can  not  be  looked  on  as  an  indication  of  purity  or 
extent. 

In  New  York  the  purest  limestones  come  chiefly  from  the 
Trenton,  though  some  are  found  in  the  Cambrian.  Those  of  the 
Helderberg  rocks  seldom  average  over  92j<  lime  carbonate.     The 
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Guelph    division  of   the  Niagara,  and  the    Cambro-Silurian  (of 
Westchester  county)  yield  the  best  dolomites. 

PROSPECTING 

The  points  to  be  considered  in  prospecting  are  topography, 
vegetation  and  appearance  of  outcrops. 

Limestones  as  a  rule  weather  quite  readily,  but  the  presence 
of  impurities  may  exert  an  important  influence  in  this  respect. 
Pure  limestone  is  easily  soluble  in  carbonated  water,  consequently, 
when  a  bed  of  soft,  pure  limestone  is  inclosed  between  two  harder 
rocks,  dipping  at  high  angle,  the  limestone  may  be  dissolved  away, 
leaving  a  valley  between  the  more  resistant  layers.  This  fact 
is  often  noticed  in  Westchester  county,  where  the  section  involves 
a  basal  gneiss,  a  limestone,  and  an  overlying  mica  schist;  the  beds 
have  been  much  folded,  and  the  dip  is  often  steep.  Most  of  the 
valleys  in  this  county  exhibit  gneiss  on  one  side  and  mica  schist 
on  the  other,  while  the  intermediate  limestone  has  been  cut  down 
by  weathering  to  form  a  valley.    (PI.  2) 

Many  limestones  contain  sandy  layers  or  chert  nodules,  or  in 
some  cases  silicified  fossils.  In  such  instances  the  weathering  of 
the  rock  is  extremely  irregular,  the  lime  carbonate  being  dissolved 
out,  while  the  silicified  portions  stand  out  in  bold  relief  on  the 
weathered  surface.  Limestones  of  great  purity,  however,  may 
at  times  weather  unevenly,  solution  for  some  reason  not  well 
understood,  taking  place  along  certain  lines,  thiis  producing  a 
series  of  reticulated  gashes  extending  inward  from  the  surface 
of  the  rock. 

In  magnesian  limestones  the  carbonate  of  lime  is  dissolved  out, 
while  the  carbonate  of  magnesia  yields  but  slowly  to  solution, 
the  result  being  that  the  rock  breaks  down  into  a  series  of  sand- 
like grains.  The  Guelph  limestone  of  western  New  York  shows 
this.  Many  dolomites,  however,  owing  to  the  coarsely  crystalline 
structure  and  insolubility,   disintegrate  rather  than   decompose, 
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and  in  Westchester  and  Dutchess  counties  the  outcrops  of  the 
crystalline  dolomites  are  often  found  surrounded  by  an  accumu- 
lation of  white  sand. 

The  position  of  the  beds  is  a  feature  of  considerable  economic 
importance,  specially  when  those  in  a  quarry  are  of  different 
quality.  In  the  case  of  a  steep  dip  the  advantages  are  the  pos- 
sible extraction  of  the  required  layers  without  the  necessity  of 
disturbing  the  others,  while  the  disadvantages  are  increased  cost 
of  hauling  the  rock  to  the  surface,  the  deeper  down  we  go,  unless 
the  entrance  to  the  quarry  happens  to  be  at  a  lower  level  than 
that  from  which  most  of  the  stone  is  taken ;  with  steeply  dipping 
layers  the  rock  may  be  weathered  to  a  much  greater  depth  than 
in  the  case  of  horizontal  ones,  because  the  upturned  edges  furnish 
a  ready  means  of  entrance  to  the  weathering  agents.  In  the 
extraction  of  individual  layers  the  inclosing  ones  must  be  sup- 
ported either  by  timbering  or  else  by  leaving  pillars  of  rock; 
and,  as  quarries  operated  in  rocks  with  a  steep  dip  are  often  apt 
to  go  to  much  greater  depth  below  the  surface  than  other  quar- 
ries, there  may  be  an  increased  cost  for  timbering. 

In  the  case  of  horizontal  layers  we  have  the  advantages  of 
having  the  haulage  of  the  rock  nearly  all  at  the  same  level ;  the 
quarry  will  often  drain  itself;  there  is  much  greater  space  to  work 
in  and  consequently  the  depth  of  the  quarry  can  be  much  greater; 
the  rock  as  quarried  can  often  be  loaded  directly  on  the  cars,  the 
tracks  being  rim  into  the  quarry.  The  disadvantages  of  this 
method  are  that,  if  only  certain  layers  are  required  or  can  be 
used,  the  upper  ones  have  to  be  first  removed  in  order  to  reach 
the  desired  beds  of  stone   so  that  there  is  often  much  stripping. 

This  variation  in  dip  must  be  carefully  watched  in  some  regiouB 
where  the  rocks  have  undergone  considerable  folding,  as  in  the 
Hudson  valley  from  Oatskill  to  Kingston.  Here  at  times  the 
beds  are  nearly  vertical,  while  again,  only  a  few  hundred  feet 
farther,  they  may  be  nearly  horizontal.  Jointing  has  both  its 
advantages  and  disadvantages.      While  the  presence  of  joints 
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facilitates  the  extraction  of  the  stone,  yet  they  also  serve  as  a 
ready  means  of  entrance  for  the  weathering  agents. 

Where  the  topography  of  the  country  is  such  that  outcrops  are 
scarce,  the  character  of  the  vegetation  may  often  serve  as  a  clue 
to  the  character  of  the  underlying  rock.  In  New  York  the  sur- 
face is  usually  covered  hy  glacial  drift  and  hence  the  bed  rock 
exerts  no  influence  on  the  tree  growth,  as  it  does  in  the  southern 
states  where  residual  soils  are  common.  Streams  which  disap- 
pear in  caves,  and  calcareous  springs  may  also  be  looked  on  as  evi- 
dencing the  presence  of  lime  rock. 

In  searching  for  calcareous  beds,  if  the  rocks  are  steeply  tilted, 
it  is  better  to  follow  a  line  at  right  angles  to  the  strike,  thus  pass- 
ing over  the  edges  of  the  different  upturned  beds.  In  regions 
of  little  or  no  dip  this  plan  is  valueless,  and  a  careful  inspection 
must  be  made  of  ravines,  valleys,  and  railroad  cuttings.  If  the 
beds  dip,  the  apparent  thickness  of  the  rock  bed  at  the  surface, 
measured  at  right  angles  to  the  strike,  will  be  much  greater  than 
its  real  thickness,  the  difference  being  greater  the  less  the  dip. 
A  rapid  means  of  determining  the  real  thickness  of  beds  whose 
dip  is  under  45°  is  by  the  following  rule:  multiply  iV  of  the  ap- 
parent thickness  by  -J-  of  the  degree  of  dip.  Thus,  if  the  apparent 
thickness  were  100  feet,  and  the  dip  15°,  the  actual  thickness 
would  be  100  -^  12  =  S^.     8^  x  3  =  25  feet. 

COLOR  OF  LIIklESTONES 

An  absolutely  pure  limestone  would  be  white,  that  being  the 
natural  color  of  calcite,  but  most  limestones  are  colored  either 
by  iron  oxid  or  organic  matter.  The  former  gives  yellow,  brown, 
red  or  gray  colors,  depending  on  the  form  of  combination  and 
stage  of  oxidation;  while  organic  matter  colors  the  limestone 
gray  to  black.  A  very  small  percentage  of  organic  matter  may 
color  a  limestone  black,  the  black  limestone  of  Fairhaven  con- 
taining, for  instance,  less  than  li  of  impurities. 
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MINERALOGIC  COMPOSITION 

Pure  limestone  contains  only  carbonate  of  lime,  and  dolomite, 
if  pure,  would  contain  only  carbonate  of  lime  and  magnesia. 
Impure  limestones  may  contain  many  different  mineral  species. 
The  commonest  of  these  is  quartz,  which  may  be  present  either 
in  the  form  of  tiny  grains  or  else  as  nodular  masses  (chert), 
popularly  known  as  flint.  Clay  is  also  a  frequent  impurity,  and 
iron  oxid  is  common  in  some  as  a  cementing  material. 

The  greatest  variety  of  minerals  is  usually  found  in  those 
limestones  which  have  been  subjected  to  contact  or  regional  meta- 
morphism,  as  this  causes  a  segregation  and  rearrangement  of  the 
original  impurities  of  the  rock,  yielding  new  mineral  compounds. 
Among  the  commoner  minerals  thus  formed  are  pyroxene,  am- 
phibole,  garnet,  vesuvianite,  epidote,  zircon,  wernerite,  wol- 
lastonite,  graphite,  etc. 

The  many  crystals  of  white  pyroxene  in  the  Westchester  county 
dolomites,  and  the  Inmches  of  dark  minerals  in  the  limestones 
of  the  Adirondack  region,  and  in  those  around  Mt  Adam,  in 
Orange  county,  are  examples  of  this. 

In  weathering  the  more  silicious  layers,  or  spots  in  the  lime- 
stone, stand  oiit  in  relief  on  the  weathered  surface,  so  that  this 
often  serves  as  a  clue  to  the  amount  of  mineral  impurities  which 
the  rock  contains. 

Texture 

Limestones,  unless  metamorphosed,  are  commonly  fine  grained, 
and  may  vary  from  fine  earthy  rocks  to  granular  ones.  Meta- 
morphic  limestones  are  often  coarsely  crystalline. 

The  hardness  of  the  rock  (not  of  the  individual  grains)  will 
depend  partly  on  the  cementing  material  which  binds  the  grains 
together  and  partly  on  the  shape  of  the  grains  themselves,  whether 
rounded  or  angular.     The  latter  will  have  a  tendency  to  inter- 
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lock.  The  relative  hardness  of  a  limestone  may  affect  its  com- 
mercial value  in  '^everal  ways.  If  too  hard,  the  cost  of  quarrying 
it  becomes  great,  and  it  will  be  more  difficult  to  bum,  whereas, 
if  soft,  it  may  tend  to  break  up  or  pulverize  in  burning  and  con- 
sequently clog  up  the  kiln.  If  we  must  use  a  silicious  limestone, 
it  is  best  to  have  one  in  which  the  silica  is  evenly  distributed. 

USES  OF  LIMESTONE 

Limestone  is  used  in  the  industrial  arts  to  a  large  extent  in 
either  its  raw  or  burned  condition,  and  in  the  following  pages  an 
attempt  has  been  made  to  describe  1)  the  uses  of  common  and 
magnesian  limestone  2)  the  uses  of  lime,  and  3)  argillaceous 
limestones  or  cement  rock. 

Paper-making 

Much  paper  is  now  made  from  wood  pulp,  that  known  as  sul- 
fite pulp  being  a  superior  grade,  in  whose  production  consider- 
able quantities  of  both  dolomite  and  limestone  are  used.  The 
following  description  of  its  use  has  been  kindly  furnished  to  me 
by  T.  A.  Howard,  of  the  Vermont  marble  co. 

The  broken  stone  is  thrown  into  cylinders,  8  feet  in  diameter 
and  20  to  160  feet  high.  When  the  tubes  are  full,  fumes  of 
sulfurJiV^cid  are  led  into  the  bottom,  and  water  allowed  to  trickle 
down  from  the  top.  The  stone  thus  becomes  slowly  dissolved, 
and  the  liquor  is  drawn  off  into  storage  tanks.  This  solution  is 
used  to  "  cook "  the  wood.  The  latter  is  cut  into  chips  one 
or  two  inches  long,  and  put  in  a  "  digester  "  holding  seven  or  eight 
cords  of  wood.  The  liquor  is  also  introduced,  and  the  mixture 
heated  by  steam  is  under  pressure  for  several  hours.  The  sulfite 
of  lime  or  magnesia  removes  all  the  pitch  and  everything  except 
woody  fibers,  and  at  the  same  time  removes  all  discoloration. 

Some  manufacturers  say  that  the  liquor  can  be  made  faster 
and  stronger  by  the  use  of  dolomite,  in  order  to  get  which  they 
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Bometimes  go  10  or  12  miles  from  a  railroad.  When  limestone 
is  used,  the  cylinders  generally  seem  to  be  made  higher.  In 
New  York  state  dolomites  are  available  in  Westchester,  Dutchess, 
Monroe  and  St  Lawrence  counties  specially. 

Olass-manufactxire 

The  lime  contained  in  glass  is  commonly  added  to  the  mixture 
in  the  form  of  crushed  limestone,  this  being  preferable  to  the 
burned  rock,  which  may  change  in  composition  by  the  absorption 
of  water  or  carbon  dioxid  from  the  air.  Limestones  containing 
iron  oxid  or  magnesium  carbonate  should  be  avoided,  since  the 
former  colors  the  glass  and  the  latter  makes  it  less  fusible.  Dolo- 
mitic  limestones  are  used,  however,  in  glass-making. 

Next  to  silica  lime  is  the  most  important  of  glass-making  ma- 
terials, as  it  renders  the  soda  and  potash  of  the  glass  less  soluble 
and  promotes  the  fusion  of  the  materials,  thus  improving  the 
quality. 

Glass  rich  in  lime  requires  a  higher  temperature  to  melt  and, 
because  of  this,  is  more  destructive  to  the  pots,  but,  used  in 
proper  proportions,  lime  promotes  the  fusion,  aids  in  the  decom- 
position of  the  materials  and  improves  the  quality  of  the  glass. 
Lime  glass  can  not  compete  with  lead  glass  in  brilliancy,  but  it  is 
harder,  not  so  easily  scratched,  holds  its  polish  longer,  is  more 
elastic  and  consequently  tougher,  will  stand  higher  temperature, 
resists  better  the  action  of  water  and  chemical  agents,  and  is 
much  more  cheaply  produced.  On  account  of  the  slight  differ- 
ence in  specific  gravity  of  the  two  substances  composing  it,  lime 
glass  is  also  less  liable  to  striation.  In  the  manufacture  of  plate 
glass,  which  is  ground  and  polished,  it  is  found  that  glass  which 
is  rich  in  lime  is  harder  to  polish  than  that  poor  in  lime,  but  holds 
its  polish  better  and  longer,  and  also  increases  its  resistance  to 
weathering,  as  well  as  preventing  it  from  "sweating",  which 
happens  in  glass  having  an  excess  of  alkalis.  It  may  devitrify 
from  the  presence  of  excess  of  lime,  as  when  an  excess  of  lead 
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or  sand  is  used.     The  lime  should  be  as  free  from  impurities  as 
possible,  specially  oxid  of  iron. 

Below  are  given  two  analyses,  no.  1  from  Blair  county  (Pa.) 
and  no.  2  from  Sandusky  (O.)  The  former  is  used  for  window 
glass,  the  latter  for  lime  flint  glass. 

Organic  matter .09  .06 

Silica 1.01  1 

Alumina 02  .4 

Ferric  carbonate 165      

Magnesium  carbonate    1 .  48  41 .  43 

Lime  carbonate 97 .  23  55.6 

Ferric  oxid .12 

Moisture    .4 

In  the  manufacture  of  tablewarq^  lime  furnishes  a  cheap  substi- 
tute for  lead. 

Furnace  flux 

This  is  one  of  the  commonest  uses  of  limestone.  It  is  used  as 
a  flux  for  both  lead  and  iron  ores.  In  the  blast  furnace  the 
action  of  the  limestone  is  to  reduce  the  iron  to  its  metallic  state 
and  also  flux  the  impurities,  which  pass  oflf  as  slag.  The  purer 
the  limestone  the  more  efficient  will  be  its  action  and  the  cheaper 
its  use,  for  it  will  be  easily  seen  that  the  greater  the  percentage 
of  impurities  the  more  limestone  will  be  required  to  do  the  same 
amount  of  work.  For  reasons  of  economy  blast  furnace  operat- 
ors often  use  less  pure  but  more  easily  and  cheaply  obtained 
limestones. 

Some  time  ago  a  table  was  prepared  by  J.  M.  Hartmann,^ 
giving  the  value  of  limestone  containing  varying  amoimts  of 
silica,  lime  and  magnesia.  The  basis  of  the  calculation  is  mag- 
nesian  limestone  at  56c  a  ton  and  fuel  at  $3.50  a  ton,  both  at 
the  furnace. 

1  Mineral  resources  of  U.  8.  1888-84,  p.  670. 
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limestone  in  excess  purifies  the  iron  from  sulfur  and  also  pro- 
ventff  the  reduction  of  the  silica  to  ^licon. 

Sugar  manufacture 
Much  limestone  is  used  in  the  manufncture  of  heet  sugar,  and 
here  again  the  raw  material  must  be  of  the  proper  composition. 
Both  clay  and  sand  are  injurious  impuritiea,  as  they  increase  the 
loss  in  lime  in  making  the  limcwater,  and  the  clay  also  introduces 
alkalis  into  the  sugar  juice.  The  sugar  manufacturer  considers 
that  every  part  of  insoluhle  matter  means  a  loss  of  three  to  four 
parts  of  carbonate  of  lime.  When,  therefore,  a  limestone  con- 
taining 95^  carbonate  of  lime  is  paid  for  as  if  containing  100;^, 
a  atone  with  85*  should  only  be  paid  for  as  if  containing  60*  to 
10^.  If  the  lime  is  to  be  used  for  separation,  the  presence  of 
much  magnesia  is  injurious  for  the  reason  that  it  will  not  unite 
with  the  sugar  as  the  lime  does,  forming  a  monoaaccharate  of 
lime  which  is  essential  before  precipitation  takes  place.  Conse- 
quently a  large  amount  of  magnesia  hydrate  in  the  iime  necessi- 
tates the  use  of  so  much  more  of  the  latter  and  may  aleo  cause 
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loss  in  sugar.     A  limestone  to  be  used  in  sugar  manufacture 
must  not  have  more  than  .255^  alkalis. 

The  following  are  analyses  of  limes  used  by  German  beet  sugar 
manufacturers.^ 

OiO 

Limhamn,  Sweden  •  •  •  95.6 
Plymouth,  Eng 95.2^ 

Gogolin,  Ger.  (?)  ....  89.82 
Gr.  Kunzendorf,  Ger.  "96. 66 
Ober-Kauffung,  <3er...   97.72 

Kosen,  Ger 97 

Osterwiek 93 .  06 

Lauffen    90.12 

Atzendorf   89 .04 

Borne 78.24 

Riidersdorf 94. 76 

It  will  be  noticed  from  the  above  analyses  that  in  most  of  the 
samples  the  percentage  of  lime  is  over  90^,  though  in  some  it  is 
imder  80^.  Another  noticeable  feature  is  the  low  percentage  of 
both  magnesia  and  alkalis,  specially  the  latter.  One  shows  the 
presence  of  much  U2S  and  another  of  appreciable  amounts  of 
SO,. 

It  is  the  custom  for  beet  sugar  manufacturers  to  burn  their 
lime  themselves,  for  the  reason  that  the  carbon  dioxid  gas  is  also 
used  in  the  process.  For  the  production  of  the  best  results,  it 
is  therefore  important  that  the  limestone  shall  be  of  proper  qual- 
ity, and  the  burning  conducted  in  the  right  manner. 

Silica  is  a  deleterious  impurity,  as  it  not  only  causes  the  stone 
to  fuse  but  also  lowers  the  amoimt  of  lime  and  carbon  dioxid 
produced  to  each  ton  of  stone  used.  This  latter  point  is  of  course 
true  with  regard  to  any  other  impurities  which  may  be  present. 

Too  little  fuel  should  also  be  avoided,  as  it  decreases  the  amount 
of  CO2  produced.  Tlie  stone  used  should  be  compact  and  hard. 
An  excess  of  moisture,  as  5/^  or  over,  should  not  be  present,  as 
it  reduces  the  toinpcratiire  of  the  kiln  when  first  charged.    Stones 

1  ThondinduBtrie  zeituDg.     1807.    p.  1165. 
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containing  an  excess  of  moisture  also  tend  to  Bplit  in  burning. 
About  l}i  of  water  is  the  proper  amount.  Magnesia  is  not  spo* 
cially  objectionable  except  when  silicates  are  present  in  the  stone» 
It  causes  difficulties,  however,  in  the  purification  of  the  sugar 
juice;  consequently  it  should  be  at  a' minimum.  Sulfate  of  lime 
may  act  the  same  as  magnesia. 

If  silica  is  present,  part  of  it  passes  into  the  juice  with  the 
lime  and  retards  the  filtration  process  by  coating  the  cloths  in  the 
filter  press.  Silica  also  forms  part  of  the  scale  on  the  heating 
surface.  There  is  less  harm  from  this  source  in  hard  than  in 
soft  stones.  Silica  and  alumina  also  tend  to  form  an  insoluble 
coating  on  the  burned  lumps  which  interferes  with  the  slaking. 

The  following  analyses  together  with  most  of  the  above  inr 
formation  on  the  stones  used  are  from  a  report  on  the  beet 
sugar  industry  of  the  United  States  dep't  agric,  1897,  p.  205. 
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Iron  and  alumina  oxid 

.87 

.41 

27 

.17 

.19 

.16 

.« 

.89 

.98 

Lime  carbonate 

86.86 

86.19 

61.07 

90.18 

88  65 

8r.98 

90.08 

98.8 

96.68 

00.1 

Mftfcnesia  carbonate. . 

.95 

.47 

.59 

.75 

.95 

.6 

.45 

1.81 

.6 

Alkalis 

.06 

.06 

.  •  •     . 

.1 

.01 

•  •  •  •  ■  •  • 

.  • .  •     . 

•■••«.• 

Undetermined 

.87 

.77 

.66 

.46 

1 

.94 

.89 

.84 

.8« 

.M 

Of  the  above  nos.  1,  2,  3,  and  4  are  considered  bad;  5,  6  and 
7  are  passable;  8,  9,  10  are  excellent.  No.  3  was  used  in  a  sugar 
factory  and  caused  trouble,  notably  "  scaflfolding  "  or  difficulty  in 
the  mechanical  filters.  Ko.  9  was  substituted  and  these  difficul- 
ties disappeared. 

In  looking  over  the  analyses  of  limestones  given  in  this  report 
it  will  be  observed  that  limestones  of  as  great  purity  as  nos.  8, 
9,  and  10  in  the  foregoing  table  are  not  uncommon  in  New  York 
state.  There  are  at  present  two  beet  sugar  factories  in  Neur 
York  state,  the  one  at  Binghamton  and  the  other  at  Rome. 

The  following  are  some  additional  analyses  of  limestones  used 
in  beet  sugar  manufacture.  Nos.  1  and  2  of  stone  used  at  Los 
Alamitos  (Cal.),  and  no.  3,  a  French  stone. 
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No.  1,  the  Oolton  stone,  is  good.  No.  2,  Oro  Grande,  is  pass- 
able.    No.  3  is  bad. 

1               2  3 

Lime  carbonate   98             94.306  81.67 

Magnesium  carbonate   .453       1 .  845  2 . 5 

Iron  and  alimiina  oxid 1.096          .929  .27 

Silica,  sand,  etc 281         .9  8.2 

Moisture 051         .038  6.25 

Organic  matter  and  magnesium  sul- 
fate  701  1.37 

Undetermined. 116       1.281  .64 

Lime  is  used  in  the  cane  sugar  industry  chiefly  to  effect  neu- 
tralization of  the  acidity  in  the  juices.  "  Lime  is  soluble  in  about 
780  parts  of  water  at  15°  C  and  in  1500  parts  at  100°  0.  Alcohol 
dissolves  only  a  trace.  Sugar  water  dissolves  it  in  large  quantity, 
whereby  the  lime  entei*s  into  chemical  combination  with  the  sugar, 
forming  sugar  of  lime.  This  fact  is  technically  employed  in 
separating  sugar  from  molasses.  The  molasses  is  treated  with 
lime,  and  the  resulting  sugar  of  lime  is  decomposed  by  the  action 
of  carbonic  acid,  forming  calcium  carbonate  and  pure  sugar- 
Strontium  has  however  lately  displaced  the  lime  in  this  process. 
100  parts  of  cane  sugar  dissolved  in  water  will  dissolve  50-55 
parts  of  lime."^  1  am  informed  by  Dr  F.  G.  Wiechmann  that  the 
lime  used  by  the  Brooklyn  refeieries  is  obtained  from  Glens  Falls. 

Chlorid  of  lime 

Limestone  which  is  to  be  used  for  this  purpose  must  be  very 
clean,  for  on  this  hangs  the  possibility  of  making  strong  and 
stable  chlorid  of  lime.  To  satisfy  these  requirements  the  lime- 
stone must  be  sufficiently  pure  and  thoroughly  burned;  conse- 
quently many  manufacturers  of  lime  chlorid  purchase  the  lime- 
stone and  burn  it  themselves.  The  burned  lime  should  be  free 
from  carbonate  of  lime,  and  the  limestone  should  have  a  minimum 
amount  of  sand,  clay  or  similar  impurities,  which  in  burning  do 

iFrasch.  Min.  ind.  7:  495. 
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not  turn  into  lime.  Aluminous  limestone  clears  with  difficulty 
when  dissolved,  and  hence  is  not  liked  by  bleachers  and  paper 
manufacturers. 

As  the  consumers  require  a  pure  white  lime,  the  stone  must 
contain  practically  no  manganese  or  iron.  These  impurities  are 
thought  by  some  to  also  injure  the  stability  of  the  lime  chlorid, 
but  this  point  is  not  definitely  proved.  The  presence  of  mag- 
nesia is  also  undesirable,  as  the  greater  deliquescence  of  the  mag- 
nesium chlorid  renders  the  lime  chlorid  less  stable.  The  presence 
of  organic  or  bituminous  substances  in  the  limestone  is  entirely 
harmless,  as  they  do  little  more  than  impart  a  dark  color  to  the 
stone  and  pass  off  in  burning.* 

Fat  limes  which  slake  quickly  and  fall  easily  to  a  fine, 
light  powder  absorb  chlorin  much  more  quickly  than  lean  limes, 
which  on  slaking  give  a  sandy  powder.  In  addition,  chlorid  of 
lime  made  from  fat  limes  keeps  much  better  than  that  made  from 
lean  limes.* 

Carbon  dioxid 

A  considerable  amount  of  nearly  pure  dolomite  has  from  time 
to  time  been  shipped  from  the  quarries  at  Pleasantville,  West- 
chester CO.,  for  the  manufacture  of  carbon  dioxid.  The  stone 
was  ground  at  the  mines  almost  to  the  fineness  of  granulated 
sugar.  From  the  grinder  it  passes  into  hoppers,  whence  it  is 
fed  automatically  through  tubes  into  barrels  for  shipment.  The 
Quaternary  marls  near  Caledonia  have  found  favor  for  the  same 
purpose,  being  utilized  in  Buffalo. 

Soda  manufacture 

In  soda-making  by  the  Le  Blanc  process  limestone  is  used  to 
transform  the  sulfate  of  soda  into  caustic  soda,  the  reaction  being 
thus. 

2Na01  +  HjSO^  =  Na^SO^  +  2nCl  ;  NagSO^  +  2C  =  Na , 
8  +  2CO3;  Na3S4-CaCOs=Na2COs  +  CaS. 

1  Wacrjior.     ChemiBche  technisehc  untersuchung's  niethodcn.     1893.     p.  430. 

2  Wright.  C.  R.  A.,  Cheni  news,  10:    120. 
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litliograpliiiig 

lithogiraphic  Imestone  is  a  somewhat  impure^  very  fine  and 
even  grained  limestone.  It  is  not  only  rare  but  valuable.  The 
requirements  are  sufficient  porosis  to ^hsorbink  and  softness 
enough  to  permit  working  with  an  engraver's  tool.  A  very  great 
degree  of  porosity  is  undesirable.  The  stone  should  also  be  free 
from  cracks,  or  specks  of  impurities. 

The  chief  supply  thus  far  has  come  from  Solenhofen,  Bavaria 
and  southern  France.  It  has  been  reported  from  various  local- 
ities in  this  country  but  never  from  New  York  state. 

Lime 

When  limestone  is  burned,  that  is  when  it  is  raised  to  a  red 
heat,  it  is  dissociated  into  lime  oxid  and  carbonic  acid  thus. 

CaCOg  =  CaO  +  CO, 

limestone  of  lime  oxid  carbonic  acid  gas 

lime  carbonate  quick  lime  carbon  dioxid 

caustic  lime 

The  carbonic  acid  gas  passes  off  and  the  oxid  of  lime  remains 
behind  as  a  powdery  or  lumpy  substance,  which  is  often  white, 
but  may  be  more  or  less  colored  if  iron  is  present. 

As  limestone  varies  in  composition,  the  lime  will  also,  but  the 
percentage  of  impurities  in  the  lime  will  be  nearly  twice  what 
they  were  in  the  limestone,  for  the  latter  has  lost  4A^  of  car- 
bonic acid  gas. 

Pure  limestone  consists  of  56i  of  oxid  of  lime  (CaO)  and  44^ 
of  carbonic  acid.  The  change  from  carbonate  of  lime  to  oxid 
of  lime  occurs  during  the  burning,  the  carbonic  acid  being  driven 
off  at  a  higher  temperature,  and  in  this  process  the  lime  loses 
about  44j^  by  weight;  but,  as  it  is  generally  in  a  somewhat  moist 
condition  when  it  is  put  into  the  kiln,  due  to  water  in  its  pores, 
the  loss  in  weight  may  be  still  greater  than  that  mentioned  above. 
The  percentage  of  moisture  in  limestone  is  very  variable  and 
depends  largely  on  the  hardness  and  density  of  the  rock.  ^  The 
denser  a  limestone  the  less  porous  it  will  be  and  the  lower  will 
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be  the  percentage  of  quarry  moisture  in  it;  while  the  looser  or 
more  spongy  it  is,  the  more  moisture  will  it  absorb.  Marl  and 
chalk  may  be  looked  on  as  the  loosest  forms  of  limestone,  and 
in  them  the  moisture  may  reach  36^  or  40;<.  In  marls  and  bi- 
tuminous limestones  the  loss  in  burning  will  of  course  be  miskch 
greater  than  44:^,  owing  to  the  contained  water  and  bitumen. 
A  dense  limestone  is  much  harder  to  bum  than  an  open-te^Uuwd 
one,  and  requires  more  fuel,  but  this  increased  consumption  is 
more  than  made  up  for  by  the  quality  of  the  lime  obtained.  In 
a  clean,  dense  limestoxie  the  percentage  of  quicklime  may  be  54jt 
while  in  an  impure  one  it  may  amount  to  only  30^  or  35^. 

In  addition  to  the  decrease  in  weight  in  burning,  the  limestone 
also  decreases  somewhat  in  volume,  as  much  as  12^  to  21^,  but 
usually  16j<  to  18j<.^ 

In  burning  it  is  important  to  observe  that  the  temperature  re- 
mains as  constant  as  possible  and  varies  only  between  certain 
limits;  for,  when  limestone  is  overbumed,  the  lime  made  from 
.  it  slakes  slowly  and  incompletely.  In  lime  rock  with  clayey  im- 
purities a  sintering  is  very  apt  to  occur  and  this  should  in  all 
cases  be  strictly  avoided;  but  it  is  true  that  the  higher  the  tem- 
perature within  the  permissible  limits  the  denser  will  be  the  lime. 
On  the  other  hand,  the  temperature  must  not  get  too  low,  as  in 
this  case  any  large  pieces  of  limestone  that  may  be  in  the  kiln 
will  not  become  thoroughly  burned.  The  unburned  core  result- 
ing from-^und^^buming  makes -the.  lime  Jean,,  and,  to  avoid  Buch 
an  occurrence  as  far  as  possible,  it  is  advisable  not  to  put  too 
large  pieces  into  the  kiln. 

The  quicker  such  lime  is  burnt  at  the  highest  temperature  pos- 
sible the  more  readily  it  slakes,  and  therefore  a  slow  burning 
process  is  disadvantageous. 

Many  different  types  of  lime  rocks  are  available  for  the  manu- 
facture of  lime,  those  only  being  excluded  which  are  contami- 
nated with  clay;  for  this  latter  substance  often  affects  their  most 

important  properties,  and  it  is  only  since  the  beginning  of  this 

r- ' 

1  Schoch.  C.      Die  moderne  aufbereituog  und  wertung  der   mdrtel-mate- 
rialien,  p.  57. 
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century  that  the  special  application  of  limestone  with  a  liargB 
amount  of  clay  has  been  recognized. 

The  lime  made  from  pure  or  nearly  pure  limestone  is  some- 
times called  air  lime  in  contradistinction  to  hydraulic  lime  made 
from  aluminous  or  clayey  limestones. 

Burning  lime.  ^  "  The  time  required  depends  on  the  density  and 
size  of  the  lumps  of  stone  and  also  on  the  moisture  content;  for 
water  aids  to  a  certain  extent  in  carrying  off  the  carbon  dioxid. 
It  is  stated  that  in  the  presence  of  steam  limestone  can  be  burned 
in  one  eighth  the  time  required  in  dry  air  and  the  gases  of  combus- 
tion. This  accounts  for  the  fact  that  stone  freshly  quarried  can 
be  burned  faster;  it  has  not  yet  lost  its  quarry  moisture.  Period- 
ical injections  of  steam  or  water  into  the  kiln  are  recommended 
by  some,  but  are  not  always  necessary  in  the  case  of  flame  kilns." 

Limestone  which  is  burned  too  slowly  will  make  lime  of  in- 
ferior quality  and  will  slake  more  slowly. 

Limestone  begins  to  lose  its  carbonic  acid  gas  at  750°  F,  but  it 
does  not  entirely  pass  off  till  the  temperature  of  1300°  or  1400°  F 
is  reached.  Limestone  should  never  be  burned  with  a  coal  run- 
ning high  in  sulfur,  as  the  latter  unites  readily  with  the  lime, 
forming  calcium  sulfate.  This  sulfate  of  lime  reacts  subsequently 
with  the  aid  of  moisture  on  any  alkalis  that  may  be  present,  with 
the  formation  of  alkaline  sulfates,  which  being  soluble,  are  often 
brought  to  the  surface  after  the  lime  is  in  the  wall,  forming  thus 
the  unsightly  white  coating  that  is  sometimes  seen  on  bricks. 
This  coating  may  also  be  at  times  caused  by  the  presence  of  soluble 
sulfates  in  the  clay. 

Limekilns.  The  kilns  used  for  burning  lime  bear  more  or  less 
similarity  to  each  other,  the  general  principle  of  construction 
being  that  of  a  cylindric  chamber,  lined  with  fire  brick,  open  at  the 
top  and  tapering  below  to  a  discharge  opening. 

Limekilns  are  either  continuous  or  intermittent  in  their  action. 

In  the  latter  the  stone  is  put  into  the  kiln  with  alternate  layers 
of  fuel  till  the  kiln  is  full.     The  fire  is  liglitcd,  and  the  mass 

»Fra9(h.     Min.  inl.  7:4S3. 
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allowed  to  bum  itself  out,  after  which  the  burned  stone  is  drawn 
off  at  the  bottom  of  the  kiln.  The  principle  of  such  a  kiln  is 
bad,  because  it  necessitates  a  mixture  of  the  stone  and  the  fuel, 
whose  ashes  may  dirty  the  lime  (pi.  3). 

In  the  continuous  kilns,  the  fuel  does  not  come  in  contact  with 
the  stone;  for  fireplaces  are  built  in  the  sides  of  the  kiln  several 
feet  above  the  bottom.  These  fireplaces  are  arched  openings, 
which  extend  from  the  exterior  to  the  interior  of  the  kiln.  Into 
these  the  fuel  is  put,  and  burned,  thus  permitting  the  flames  to 
pass  upward  through  the  stone,  but  preventing  the  ash  of  the  fuel 
from  coming  in  contact  with  it. 

The  older  forms  of  kilns  were  massive  stone  structures,  with 
thick  walls,  and  having  the  chamber  lined  with  one  or  two  layers 
of  fire  brick.  The  more  modern  ones  are  circular  in  form,  with 
much  thinner  walls,  and  bound  with  sheet  iron  plates. 

In  the  accompanying  plates  are  shown  several  forms  of  lime- 
kilns (pi.  4,  6,  6). 

The  lime  obtained  by  the  burning  of  limestone  is  a  white, 
amorphous,  more  or  less  dense  mass,  with  a  specific  gravity  of 
3.09.  It  is  infusible.  Lime  weighs  from  1400  to  1800  pounds 
to  the  cubic  meter,  the  variation  in  weight  depending  on  the 
density  of  the  original  rock  and  the  degree  to  which  it  has  been 
burned.    Denser  stone  gives  a  denser  lime. 

Impurities.  "  Limestone  containing  silica  and  alumina  should 
not  be  burned  at  too  high  a  temperature,  because  of  the  sintering 
that  takes  place  on  the  outside  of  the  lumps  and  thereby  inter- 
feres with  the  escape  of  the  carbonic  acid,  yielding  dead  burnt 
lime,  which  does  not  slake  completely. 

It  is  said  that  dead  burnt  lime  is  more  apt  to  be  formed  if 
the  impurities  are  evenly  diffused  in  the  stone.  The  ashes  of  the 
fuel  and  also  the  alkalis  in  the  stone  may  cause  dead  burning. 

The  best  limestone,  if  heated  too  quickly  but  not  long  enough, 
may  give  dead  burnt  lime,  in  which  case  a  basic  calcium  carbonate 
is  formed,  which  with  water  forms  a  mixture  of  calcium  carbonate 
and  calcium  hydrate  and  hardens.^  ^ 

1  Frasch.  Min.  ind.  7 :  483. 
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More  than  10^  of  magnesia  makes  the  lime  short,  and  25^  to 
30^,  it  is  asserted,  renders  the  stone  unfit  for  burning; "  never- 
theless, such  stone  is  burned  in  the  southeastern:  part  of  New 
York  state. 

10^  of  silica,  it  is  maintained,  gives  the  lime  hydraulic  proper- 
ties. 

Frasch  also  states  that  limestone  of  95}<  purity  yields  69)1 
burnt  lime  with  90^  calcium  oxid;  of  90j^  purity,  gives  &0^  burnt 
lime  with  80)^  CaO;  85)^  stone  gives  65.5j^  with  72^  CaO,  and 
80^  stone  gives  70j^  with  64;^  CaO. 

Slaking.  Lime  in  its  normal  condition  and  when  dry  is  totally 
unaffected  by  carbonic  acid  gas  but  when  heated  takes  it  up 
rather  quickly.  The  addition  of  water  to  lime  can  be  done  in  a 
variety  of  ways  according  to  the  degree  of  slaking  that  is  to  be 
brought  about.  If  a  lump  of  quicklime  is  immersed  in  water 
for  an  instant  it  saturates  itself  at  once,  and  this  absorption  is 
accompanied  by  the  evolution  of  heat  and  a  swelling  and  bursting 
of  the  lime,  which  finally  falls  to  a  fine  powder,  the  hydrate  of 
the  lime,  Ca  (OlJ)a.  The  chemical  avlion  which  has  taken  place 
is  expressed  by  the  formula  Ca ()+ 1120 =Ca(0 11)2. 

This  method  of  hydration  is  considered  to  be  better  than  pour- 
ing the  water  on  the  lime. 

The  hydrate  of  lime  thus  obtained  is  a  fine,  white  powder  of  a 
specific  gravity  of  2.1.  Its  water  of  hydration  is  pretty  firmly 
combined  and  is  only  driven  off  by  reheating  to  redness. 

Fat  limes  slake  very  fast  and  produce  more  heat  than  lean 
ones,  and  lime  will  slake  even  in  the  air  by  the  absorption  of 
moisture,  so  that,  if  not  used  immediately,  it  should  be  protected 
from  the  atmosphere  as  much  as  possible. 

lime  may  also  be  slaked  by  putting  the  lumps  in  water  for  a 
few  minutes,  then  withdrawing  and  packing  away  to  allow  the 
lime  to  change  to  powder.  The  common  method  usually  em- 
ployed in  building  operations  is  to  mix  the  lime  with  water  in  a 
box.  Too  much  water  makes  it  thin  and  injures  its  cohesive 
strength.     If  only  a  part  of  the  water  required  is  added  at  first 


LIME    AND    CEMENT    INDUSTRIES  665 

and  the  rest  later,  the  lime  becomes  granular  and  lumpy.  An 
excess  of  water  in  slaking  is  also  undesirable,  as  it  tends  to  lower 
the  temperature  of  the  mixture,  and  it  is  therefore  well  to  use 
hot  water  if  this  can  be  done  conveniently. 

The  hydration  of  lime  powder  jor  slaking  to  a  pasty  mass  must 
be  carried  out  very  carefully,  as  otherwise,  specially  in  the  case 
of  overburned  lime,  some  unslaked  particles  will  remain,  which 
may  slake  later  and  make  themselves  unpleasantly  prominent. 

As  water  is  added  to  the  lime,  it  gradually  forms  a  stiff  paste, 
whose  stiffness  increases  with  the  purity  of  the  lime. 

With  careful  slaking,  1  cubic  meter  of  fat  lime  gives  2.7  cubic 
meters  of  paste  and  1  cubic  meter  of  lean  lime  gives  1.8  cubic 
meters.^ 

The  excess  of  water  is  gotten  rid  of  in  part  by  evaporation 
and  is  also  drawn  off,  while  the  slaked,  pasty  mass  is  allowed  to 
stand  in  the  pit  to  insure  thorough  slaking  of  every  particle. 

In  the  pits  lime  will  hold  itself  for  a  long  time  without  change 
provided  it  is  properly  protected  from  the  air,  but  the  damp  lime 
paste  absorbs  carbonic  acid  greedily  with  the  formation  of  car- 
bonate of  lime,  which  solidifies.  The  crust  of  calcium  carbonate 
which  forms  is  very  thin,  but  it  prevents  the  action  from  con- 
tinuing farther  in  the  mass.  The  solidifying  action  of  the  lime 
alone  is  of  little  importance  and  becomes  of  value  oniy  when 
sand  is  added.  The  use  of  the  sand  prevents  large  masses  or 
lumps  of  the  lime  from  collecting  in  any  one  spot  and  not  be- 
coming thoroughly  converted  into  the  carbonate. 

Quicklime  is  a  strong  base  and  absorbs  water  with  the  greatest 
avidity,  and  in  water  it  forms  a  milky  liquid  known  as  milk  of 
lime. 

On  the  other  hand,  quicklime  can  be  made  by  adding  the  lumps 

of  lime  piece  by  piece  to  the  water  till  a  strong  paste  is  formed 

by  stirring  the  mass.     The  stirring  is  specially  necessary  in  the 

case  of  lean  limes. 

•Tn  order  to  assist  the  slaking  of  such  lean  limes,  it  has  been 

found  advisable  to  use  only  one  third  the  necessary  amount  of 

1  8  .'hoch,  G.    Die  moderne  auf bereitung  uhd  wertung  der  mdrtel-malerialu^n, 
p.  59.  \ 
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water  at  first  and  add  the  other  two  thirds  later  on.  Again,  as 
the  lean  lime  gives  out  much  less  heat,  it  is  well  to  keep  the 
mixing  pan  covered  in  order  to  prevent  its  escaping.  Lean  lime 
also  slakes  better  if  a  certain  amount  of  fat  lime  is  worked  in 
with  it.  The  latter  has  a  sort  of  contact  effect  on  the  former, 
which  is  effective  and  rapid,  so  that  this  method  is  a  good  one  to 
follow  in  using  overburned  lime.  ' 

Depending  on  the  amount  and  nature  of  the  impurities  present, 
Gilmore  divides  natural  and  artificial  limes  suitable  for  mortar 
into  five  classes.^ 
"  1  Common  or  fat  limes 

2  Poor  or  meager  limes 

3  Hydraulic  limes 

4  Hydraulic  cements 

5  Katiiral  pozzuolanas 

The  common  or  fat  limes  contain  less  than  10;^  impurities,  and 
a  part  of  the  latter  are  insoluble  in  water,  all  the  rest  of  the 
lime  being  soluble.  They  do  not  harden  under  water  but  crumble 
or  slake  and  increase  in  volume  sometimes  threefold.  They 
shrink  in  hardening,  and  to  prevent  this  sand  must  be  added. 

Poor  or  meager  limes  have  from  10;^  to  25;©  of  impurities,  or 
sometimes  even  *Sd^, 

Hydraulic  limes  are  of  three  kinds: 

a  Slightly  hydraulic  ones  with  lO^i^  to  20^  of    impurities 

b  Hydraulic  limes  with  17^  to  2^^  impurities 

c  Kniincntly  hydraulic  limes  with    20,'^  to  35;^  of  impurities^ 

All  hydraulic  limes  harden  under  water.  Hydraulic  cement  is 
an  artificial  product.  It  has  less  lime  than  the  other  classes,  but 
not  under  2\)^. 

Natural  pozzuolanas  are  rocks  of  igneous  origin.  They  possesa 
hydraulicity  and  generally  under  10;?^  of  lime. 

It  is  of  course  possible  to  find  all  intermediate  grades  between 
liiu(»s  and  cements. 


'  Gilmore.    Limes,  hydraulic  cements  and  mortars,  p.  69. 
•       •*  •*  p.  71, 
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USES  OF  LIME 
Basic  steel 

In  the  basic  or  Thomas  and  Gilchrist  process  the  furnace  or  bes- 
semep  converter  is  lined  with  some  basic  material  (that  is  material 
containing  little  or  no  silica),  such  as  magnesite  or  dolomite.  In 
this  country  the  latter  specially  is  used.  Two  things  are  required 
of  the  dolomite,  viz,  it  should  contain  as  high  a  percentage  of 
magnesia  as  possible,  and  it  should  not  have  over  IJ^  or  2^  of 
total  fluxing  impurities.  It  is  specially  important  that  the  silica 
percentage  shall  be  low,  viz,  under  i^  if  possible,  for  at  high 
temperatures  the  lime  or  magnesia  will  eagerly  unite  with  any 
silica  present,  and,  as  this  action  is  equivalent  to  corrosion  of 
the  lining,  any  additional  percentage  of  silica  will  materially 
affect  the  life  of  it.  Pure  dolomites  are  rare  and  when  found 
are  not  always  in  easily  accessible  localities,  but  in  this  state 
two  different  bodies  of  nearly  pure  dolomite  are  known,  the 
one  at  Ossining  and  Tuckahoe,  Westchester  co.,  the  other  at 
Rochester,  Monroe  co. 

For  use  the  dolomite  is  first  burned  to  the  sintering  point  and 
then  ground  and  mixed  with  tar  or  other  material  to  hold  it 
together  and  permit  molding. 

The  lime  used  in  basic  bessemer  converters  likewise  has  to  be 
of  great  purity,  and  the  stone  must  be  of  such  a  nature  that  it 
will  burn  to  a  lumpy  and  not  a  powdery  lime;  for,  if  the  lime 
were  added  to  the  converter  in  the  form  of  powder,  the  strong 
blast  would  quickly  eject  a  large  portion  of  it. 

Befractory  bricks 

It  is  well  known  that  oxid  of  lime  is  very  refractory,  a  familiar 
illustration  of  this  fact  being  the  lime  pencils  used  in  the  oxy- 
hydrogen  blow  pipe.  Consequently  lime  is  often  used  for  lining 
the  bottom  of  the  hearth  in  a  reverberatory  furnace  used  for  the 
manufacture  of  basic  steel  by  the  Siemens-Martin  process.  The 
lune  serves  to  extract  the  phosphorus  from  the  iron,  and  a  high 
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phosphorus  slag  is  formed  which  is  known  as  the  Thomas  phos- 
phate. 

Ammonium  sulfate 

In  the  manufacture  of  aqua  ammoniac  from  ammonium  sulfate 
lime  is  used  to  form  sulfate  of  lime  and  thus  liberate  the  am- 
monia, sufficient  quantity  being  required  to  convert  all  the  sulfuric 
acid  in  the  sulfate  and  about  one  third  more. 

The  lime  is  added  in  nearly  every  instance  in  the  form  of 
milk  of  lime,  caustic  of  lime  being  employed  in  rare  cases  with 
a  view  to  utilizing  the  heat  evolved  during  the  slaking,  as  in  the 
Solvay  process.  This  is  not  to  be  recommended,  however,  owing 
to  the  uncertainty  which  exists  as  to  the  time  required  by  the 
lime  to  slake;  for,  if  the  latter  is  slow  slaking,  a  temporary 
shortage  of  lime  results,  followed  by  a  momentary  excessive 
reaction,  and,  if  any  stoppage  of  the  apparatus  occurs,  explosion 
may,  and  indeed  at  times  does,  result.^ 

The  lime  milk  should  be  free  from  unslaked  particles  or  sand 
grains,  and  magnesia  is  undesirable  from  the  fact  that  it  retards 
the  distillation  if  ammonium  chlorid  or  sulfate  is  present  in  the 
gas  liquor,  since  it  forms  a  double  salt  with  them  which  can  not 
bo  decomposed  except  at  high  concentration. 

Contents  of  1  liter  of  lime  milk 
Decrees  Baumd  ^  "^raml^^'        ^i^         Water  grama     ^f,^^^ 

10 1258.6  133.3  1125.3  10.6 

15 1345  179.7  1165.3  13.2 

20 1436  224.3  1211.7  15.68 

25 1478  258.3  1219.7  17.52 

30 1490  276.7  1213.8  18.67 

35 1495.4  289.1  1206.3  19.43 

40 1499  297.9  1201.1  19.88 

45 1501.2  303.7  1197.5  20.22 

50 1503.2  308.3  1194.9  20.48 

55 1504.6  311.9  1192.7  20.7 

60 1505.8  314.7  1191.1  20.89 

65 1507  317.2  1189.8  21.05 

1  rniHcli.  Mill.  iiil.  7:  45. 
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Uilk  of  lime 

Frasch  states  that  the  slaking  of  lime  is  mostly  done  in  wooden 
boxes.  For  imhistrial  purposes,  where  the  lime  is  used  in  tha 
form  of  milk,  as  in  the  distillation  of  ammonia,  mechanical 
devices  are  employed  for  this  purpose.  The  amount  of  limo 
present  in  milk  of  lime  of  different  density  is  given  in  the  above 
table  from  page  406,  vol.  7  of  Mineral  industry. 

Soap 

In  the  manufacture  of  soap  slaked  lime  is  mixed  with  carbonate 
of  soda  to  produce  caustic  soda.  The  two  are  mixed  with  water, 
and  boiled  with  steam,  the  resulting  carbonate  of  lime  being 
separated  by  settling.^ 

Lime  is  also  used  in  the  manufacture  of  soft  soap,  in  that  the 
pearlash  of  commerce  is  converted  into  caustic  potash  by  means 
of  fresh  lime.  In  the  manufacture  of  stearin  for  candles  ordi- 
nary tallow  is  boiled  in  wooden  vats  by  high  pressure  steam  with 
slaked  lime  for  several  hours,  by  which  lime  soap  is  formed. 
This  is  transferred  to  another  vessel  and  treated  with  dilute 
sulfuric  acid,  which  in  combining  with  the  lime  forms  a  sulfate, 
which  deposits  while  the  fatty  acids  rise  to  the  surface.^ 

In  the  manufacture  of  ball  soda  or  black  ash,  salt  cake,  lime- 
stone and  coal  are  mixed  together  in  a  reverberatory  furnace. 
The  limestone  is  sometimes  soft  and  chalk-like.  Good  linieato:ie 
should  have  dS^  of  carbonate  of  lime.^ 

Palm  oils  and  tallow  are  the  two  chief  fats  bleached  by  the 
soapmaker.  The  color  of  the  latter  is  sometimes  removed  by 
boiling  it  in  lead-lined  tanks  with  a  solution  of  chlorid  of  lime. 

In  the  saponification  of  tallow  the  latter  is  mixed  with  good 
slaked  lime  into  a  thin  cream  with  water.  This  is  then  inclosed 
in  a  suitable  vessel,  and  the  whole  boiled  with  steam  and  agitated 
for  three  hours.  The  action  of  the  lime  on  the  tallow  decom- 
poses it,  glycerin  being  set  free,  while  calcium  stearate  and  oleate 

*- ■  ^^^^^^m 1 — I 

1  Watt.    Art  of  soap-making,  p.  128. 

2  "  "  p.  84. 
a     '«                           "  p.  109. 
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are  formed.  The  formation  of  these  salts,  when  mixed  together, 
constitutes  an  insoluble  soap,  which  is  technically  called  rock, 
and  facilitates  the  subsequent  separation  of  the  solid  and  liquid 
constituents  of  the  tallow. 

Tanning 
In  tanning  lime  is  used  to  remove  the  hair  from  the  hides, 
this  being  done  in  what  are  known  as  lime  pits. 

Bone-ash 
In  bone-ash  manufacture  the  lime  is  employed  to  precipitate 
the  substances  dissolved  out  of  the  bones  by  hydrochloric  acid, 
a  fertilizer  being  obtained  as  a  by-product  and  known  as  pre- 
cipitated phosphate  of  lime. 

Gas  manufacture^ 

Lime  is  sometimes  used  in  the  purification  of  gas  from  hydrogen 
sulfid  and  carbonic  acid  gas.  It  can  also  be  used  to  remove  the 
carbon  disulfid  when  special  methods  are  employed.  The'limfe 
is  prepared  in  the  ordinary  manner  and  converted  into  hydrate 
by  slaking.  In  order  to  get  the  lime  in  a  fit  condition  iqt  use 
however,  it  should  be  slaked  two  or  three  days  before  i^^^se,  for, 
if  used  as  soon  as  formed,  it  is  liable  to  cake  in  the  ptirifiers  and 
thus  prevent  the  free  passage  of  the  gas  thrpiigh  it.  Before  being 
placed  in  the  purifiers,  it  is  moistened  with  water  till  it  attains 
such  a  consistency  that,  when  pressed  together  in  the  hand,  it 
will  pack  like  snow.  It  is  placed  in  the.  purifiers  in  4  to  6  inch 
layers.  The  removal  of  CO2  involyea  the  formation  of  CaCOi, 
and  when  HjS  is  extracted,  CaS,  H,^  is  formed.  Both  reactions 
may  go  on  at  once,  but  the  lime  has  stronger  affinity  for  the  CO2 
than  the  II3S. 

In  gas  manufacture  lime  may  be  also  used  to  form  ammonia 
from  ammonium  chlorid  or  from  ammonium  carbonate  contained 
in  the  gas  water  from  the  gas  works,  the  reaction  being  AmCl 
.f-Ca(OH)2=2NIl8+CaCl2+2H20. 

3  Hornby,  J.     Gas  manufacture,  p.  117. 
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Potassium  dichromate 
Lime  is  used  m  the  manufacture  of  this  mat-erial,  as  one  of  the 
ingredients  of  the  mixture  containing  chrome  ore,  alkaline  salts 
and  fuel.  The  materials  are  finely  ground,  mixed  and  roasted  in 
a  furnace,  the  object  of  the  lime  being  to  prevent  fusion  and  aid 
in  the  formation  of  insoluble  chromates.  The  lime  used  for  this 
purpose  has  to  be  very  finely  ground  to  facilitate  slaking,  and  it 
should  furthermore  be  as  free  from  silica  and  magnesia  as  pos- 
sible,^ 

Paper  manufacture^ 

Lime  is  used  in  the  manufacture  of  paper  to  boil  the  rags  in, 
the  object  being  to  get  rid  of  the  remaining  dirt  in  them,  and 
also  to  decompose  some  glutinous  substances,  which  if  allowed  to 
remain  would  injure  the  flexibility  of  the  fiber.  The  quantity  of 
lime  employed  varies  according  to  its  composition  and  the  condi- 
tion of  the  rags,  but  ranges  from  6  to  15  pounds  to  the  100 
pounds  of  rags. 

Agricultural  uses 

Lime  is  a  very  beneficial  ingredient  of  the  soil,  if  it  is  in  a 
condition  to  be  taken  up  by  the  plants,  that  is  in  a  soluble  form. 
Many  soils  may  contain  it  in  the  form  of  silicate,  as  in  feldspar, 
but  till  the  mineral  containing  it  has  decomposed  the  lime  does 
not  become  available.  Some  soils  contain  suflScient  lime  for  the 
use  of  the  plants,  but  in  the  case  of  others  it  has  to  be  added 
artificially  either  as  an  ingredient  of  manufactured  fertilizers  or 
in  the  form  of  quicklime. 

If  the  lime  is  present  in  the  soil  in  the  form  of  carbonate  of 
lime,  it  can  be  detected  by  the  effervescence  produced  on  adding 
weak  acid  to  the  soil.  The  quantity  of  lime  present  in  the  soil 
naturally  depends  on  the  composition  of  the  parent  mass  from 
which  the  soil  was  derived,  and  the  climate,  whether  dry  or 
moist;  soils  in  the  former  tending  to  have  a  much  higher  per- 

1  Frasch.    Min.  ind.  4:  101. 

2  Davis,  C.  T.    Paper  manufacture. 


672  NEW    YOEK    STATE    MUSEUM 

centage  of  lime,  because  they  have  been  subjected  to  less  leaching 
action  by  rainfall. 

The  advantages  of  lime  agriculturally  are  great,  its  effect  being 
both  chemical  and  physical.  Physically  its  action  is  to  cause  the 
soil  particles  to  flocculate,  that  is  to  gather  together  and  form 
compound  grains,  thus  promoting  the  drainage  of  the  soil,  aerating 
it,  and  also  making  it  more  easily  worked.  Chemically  it  serves 
to  hasten  decay  of  the  organic  matter  in  the  soil  as  well  as  that 
of  the  mineral  particles,  and  thereby  indirectly  to  facilitate  the 
change  of  any  iron  compounds  from  a  ferrous  to  a  ferric  condi* 
tion.    It  also  serves  as  plant  food. 

While  lime  has  a  stimulating  effect  on  the  soil,  at  the  same 
time  it  tends  to  drain  it  of  nourishment  more  rapidly  than  would 
otherwise  be  the  case.  The  percentage  of  lime  required  to 
produce  desirable  results  in  a  soil  is  said  to  be  very  small,  those 
with  only  1^  of  the  carbonate  being  often  productive. 

Pottery  glazes 

In  pottery  manufacture  lime  is  used  in  two  different  directions: 
viz  in  the  manufacture  of  the  pottery  body,  serving  as  a  flux,  and 
as  a  constituent  of  the  glaze. 

Uinor  uses 

Other  uses  of  lime  are,  for  purifying  drinking  water;  as  a  dia« 
inf octant;  as  a  polishing  material;  for  preserving  eggs;  in  dyeing; 
in  the  manufacture  of  calcium  carbid;  for  dehydrating  alcohol; 
in  the  manufacture  of  lime  pencils  for  oxyhydrogen  lights. 

Uortar 

!Rrortnr  is  a  mixture  of  slaked  lime  and  sand  used  for  the  pur- 
pose of  binding  masonry  together,  and  more  lime  is  probably  used 
for  this  piiri)Oso  than  for  any  other. 

The  use  of  linio  as  a  mortar  has  been  kno\^^l  for  many  years, 
and  the  aneients  were  familiar  with  the  fact  that  by  means  of 
6ini]»ly  burning  limestone  and  soaking  the  burnt  mass  in  water 
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they  could  obtain  a  stiff  paste  which  possessed  valuable  prop- 
erties. 

Pure  lime  has  Y1.4jf  calcium  and  28.6^  oxygen.  It  is  a  porous, 
earthy,  white  solid,  which  when  pure  resists  a  high  degree  of  heat. 
It  absorbs  both  moisture  and  carbonic  acid  from  the  air  with  the 
greatest  avidity. 

Richardson  gives  the  following  requirements  for  caustic  lime 
when  used  for  mortar.^ 

Except  when  made  from  coarsely  crystalline  marble  or  from 
marl  or  shells  it  should  be  in  hard  lumps. 

It  should  be  white,  or  nearly  so,  in  color.  Lime  of  a  yellow 
or  brownish  color  with  veins  of  silicious  matter  is  inferior. 

It  should  be  free  from  fused  or  semi-fused  stone  which  shows 
over-burning,  and  from  unburnt  ash  of  fuel  or  clinker. 

It  should  contain  less  than  10;^  of  impurities  but  often  has 
more. 

It  should  slake  rapidly,  showing  that  it  is  rich  and  fresh. 

Good  lime  in  lumps  should  weigh,  as  packed,  wuth  about  40;^  of 
voids,  60  lb  a  cubic  foot,  75  lb  a  bushel,  and  from  220  to 
230  lb  per  3  bushels.  If  ground  or  in  powder,  it  will  weigh  less 
when  packed  loosely,  but  when  well  shaken  down  it  will  weigh 
as  much  as  270  lb  a  bbl.  A  lump  of  hard  lime  one  foot  cube 
would  weigh  about  95  lb,  having  a  density  of  1.52. 

Slaking 

Lime  combines  with  w^ater  with  evolution  of  heat  and  every 
100  parts  of  lime  takes  32  parts  of  water.  If  33;i^  of  its  weight 
in  water  is  sprinkled  on  lime  it  heats,  cracks  open  and  falls  to 
powder. 

The  increase  in  volume  in  slaking  is  caused  by  the  expansive 
force  of  the  steam,  but  lime  may  be  slaked  without  increasing  its 
volume  by  passing  dry  steam  over  it  in  a  tube.     The  energy  of 

1  Brickbuilder.    1897.    p.  78. 
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slaking  increases  with  the  decrease  of  impurities.  The  same  lime 
may  show  a  varying  increase  in  volume  in  slaking  due  to  amount 
of  water  added,  etc.  The  slow  addition  of  water  raises  less  heat, 
and  slaking  lime  in  an  open  box  gives  less  heat  than  in  a  closed 
one. 

With  an  equal  volume  of  water  the  increase  in  size  of  a  rich 
lime  is  2  to  2A^.    Bichardson  illustrates  this  point  as  follows: 

Vol.  of  H,0  Increase  in  volume 
i  1.6 

1  2 
2i  2.5 

With  a  poor  dolomitic  lime  it  was 

2  1.7 

No  set  rule  can  therefore  be  laid  down.  For  instance,  1  peck 
lump  lime  with  44j^  of  voids,  on  slaking  with  its  own  volume  of 
water,  gave  2i  pecks  of  fine  powder  of  slaked  lime.  From  1 
peck  of  closely  packed  lime,  2.5  vol.  of  slaked  lime  were  obtained. 

Gilmore  found  large  increases,  some  running  2.46,  2.83,  3.21, 
2.40,  but  this  was  caused  by  his  using  larger  amounts  of  water 
than  are  generally  taken  in  practice. 

The  following  table  gives  the  testa  made  by  both  Gilmore  and 
Kichardson* 

Rockland  Rondoat  New  York 

QUmore  Richardson 

Weight  of  lime  in  pounds 5  5                5 

Vol.  of  lime  in  cubic  centimeters. .  1  557  1  806  2  350 

Vol.  of  water  required 2  983  3  300  2  000 

Increase  of  weight  to  slake,  in  ;i. .  2 . 24  2 . 24  1.6 

Increase  in  volume 2 .  46  2 .  14  1.91 

The  theoretic  increase  is  1.53.  lime  also  slakes  simply  on 
exposure  to  the  air,  but  this  is  not  good  for  mortar-making,  as 
the  slaking  has  not  IxH^n  accompanied  by  any  violent  disengage- 
ment of  luMit  to  rupture  the  mass.  The  larger  particles  also  have 
a  hardened  rim. 
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Method  of  slaking^ 

The  water  may  be  sprinkled  over  the  lime  gradually,  or  added 
at  once  in  excess. 

The  former  is  best,  because  a  looser  mass  is  obtained,  and  it 
gives  better  results  with  poorer  limes,  slaking  them  more  thor- 
oughly. Too  great  an  excess  of  water  tends  to  lower  the  tem- 
perature and  render  the  slaking  incomplete.  This  causes  unslaked 
particles  to  get  into  mortar,  and  by  their  subsequent  slow  hydra- 
tion and  expansion  they  may  do  much  harm.  Popping  of  mortar 
is  due  to  this  cause.  It  is  also  true  that,  if  the  water  is  added 
gradually,  it  may  allow  the  mass  to  cool  down.  Enough  water 
should  be  added  to  allow  for  that  escaping  as  steam.  With  very 
fat  lime  2  J  vol.  of  water  may  be  taken.  Poor  magnesian  limes 
take  less. 

Pure  water  should  be  used.  That  with  soluble  salts  gives  rise 
to  efflorescence,  and  hence  sea  water  is  undesirable,  though  it 
has  been  successfully  tried  for  hydraulic  cement.  An  excess  of 
water  gives  granular  paste  and  also  makes  tlie  mortar  porous. 

After  slaking  sand  is  added  to  the  lime  to  make  mortar.  Ac- 
cording to  Gilmore^  the  lime  forms  silicate,  carbonate  and 
hydrate,  and  the  crystals  of  these  compounds  interlock  with  the 
sand  grains,  thus  binding  the  whole  together  into  a  solid  mass. 
In  the  course  of  time  all  the  lime  changes  to  carbonate,  but  this 
change  may  take  a  number  of  years. 

Sand  is  added  to  lime  for  economy  and  to  prevent  shrinkage. 
Sand  should  be  clean  and  sharp  and  should  be  in  such  quantity 
that  the  lime  will  fill  all  the  interstices.  If  an  excess  of  sand  is 
used,  the  bond  is  poor.  If  too  little  sand  is  used,  the  mortar 
shrinks  and  cracks.  If  too  little  lime  is  used  the  paste  is  made 
thin.  In  ordinary  sands,  the  spaces  form  30;^  to  40^  of  the  total 
volume,  and  in  such  1  vol.  paste  fills  voids  of  2^  vol.  sand.^  In 
practice  1.25  to  2  vol.  of  sand  to  1  of  paste  is  used.     This  in 


1  Gilmore.    Limes,  hydraulic  cements  and  mortars,  p.  299* 
*  BrickbuUder.     m97.  p.  101. 
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case  of  fat  lime  means  3  to  6  vol.  of  sand  to  1  measured  voL  of 
lime.    This  gives  a  plastic  mortar  which  does  not  crack. 
Richardson  gives  the  following  mortar  experiments. 


Composition  and  physical  properties  of  the  lime 


Loss  on  ignition,  H2O  and  S 
Insol.  SiO,  and  silicates  •  .  . 

Al3<  )8  and  FejOg 

MgO 

CaO 


Weight  of  cubic  feet  including  voids 

Voids 

Density  of  lump 


1 

•1.2 
.8 
.6 

95.6 

99.2 
60  lb 
U^ 

1.52 


12  8  4 

Weight  of  CaO  used 1000        1000  1000  1000 

Weight  of  H,0  to  slake 1000        2000  2500  3000 

Weight  of  H,0  for  paste 1000          500  

Vol.  of  HjO  to  one  of  CaO 2          2.6  2.6  3 

Vol.  of  paste 2000        2560  2712  3120 

Weight  of  paste 2720        3280  3392  3880 

Density  of  paste 136        1.28  1.25  1.24 

Characteristics  of  paste Thick      Thick  Medium  Thin 

Vol.  of  sand,  moist 2000        3000  5000  7100 

Weight  of  sand 3000        4500  7500  10800 

Vol.  of  sand  to  lime 2          3  5  7.1 

Vol.  of  sand  to  paste 1          1.2  1.8  2.6 

Vol.  of  mortar 3320        4400  5840  7200 

Weight  of  mortar 5740        7700  10650  139G0 

Density  of  mortar 173         1.75  1.82  1.94 

Consistency  of  mortar Thick  Medium 

Dries Cracks  Dries  wi 


6 

1000 
4000 


Medium  Sloppy 
thout  shrinking 


4 

4120 

4850 

1.17 

Very  thin 

14360 

20000 

14.4 

3.5 

13500 

25450 

1.88 

Very  sloppy 


Percentage  composition 

Water 30  29 . 3 

Sand 52. 6        67 .9 

Lime 17.4        12.3 


Return  of  water  to  lime. 


100 
1.7 


100 
2.3 


22.6 

68.1 
9.4 

100 
2.4 


20.7 

72.2 

7.1 


15.1 
82 
3.0 


100 
2.0 


100 
8.0 
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CEMENT 

•  The  name  cement  was  formerly  applied  .only  to  materials  which 
were  added  to  lime  mortar  in  order  to  make  it  harden  under 
water.  Subsequently  this  term  was  used  for  all  combined  materiid 
which  gave  a  mortar  that  hardened  under  water,  and  so  has 
extended  to  oUr  natural  and  Portland  cement.  Under  cement  ma- 
terials are  now  included  hydraulic  agents,  hydraulic  limes,  slag 
cements,  natural  cements  and  Portland  cements.  Hydraulic 
agents  are  materials  which  cause  silica  and  clay  to  unite  with  the 
lime  of  common  morjtar,  giving  us  a  conjj^ination  pf  s^^^jv  harden- 
ing properties.  Such  hydraulic  agents  may  bfe  ^natural  or  they 
may  be  artificial.  The  natural  ones  are  represented  by  the 
pozzuolana  of  Italy,  and  the  trass  of  the  Rhine  valley  in  Ger- 
many. In  this  country  they  are  only  known  in  the  far  west.  The 
artificial  hydraulic  agents  include  slag,  burned  clay,  shales,  ashes, 
silicate  of  soda  or  any  inorganic  material  that  contains  clay  and 
ailica  in  a  form  permitting  its  solution  in  acids. 

When  the  clayey  impurities  increase  in  ordinary  quicklime, 
it  assumes  hydraulic  properties  and  the  lime  is  known  as  hydraulic. 
Sand  is  an  impurity  ^hich  is  not  too  large  to  prevent  slaking  but 
simply  retards  it.  Hydraulic  limes  with  only  6^  to  16^  of  silicates 
will  harden  in  from  eight  to  20  days,  but  with  a  larger  amount  in 
from  one  to  four  days.  No  sharp  line  can  be  drawn  between 
true  cements  and  hydraulic  limes. 

For  convenience  the  following  classification  is  made  in  this 
report. 

Hydraulic  limes 

Rosendale  cement,  or  natural  rock  cement 

Portland  cement 

Hydraulic  limes 

These  generally  have  18?^  to  25^  of  clay,  free  silica  and  com- 
bined silica,  iron  oxid  and  alumina,  sometimes  magnesia  and 
alkalis. 
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The  burning  of  hydraulic  lime  must  be  carried  on  very  slowly* 
The  higher  the  percentage  of  total  silicates,  the  lower  must  be 
the  temperature  of  burning,  for  under  no  circumstances  should 
the  material  be  allowed  to  sinter  as  it  does  in  the  case  of  Portland 
cement.  Such  overbumed  pieces  slake  very  slowly.  Further- 
more, the  burning  should  only  go  to  the  point  of  driving  off  the 
CO3.  The  best  hydraulic  lime  know^n  is  the  celebrated  Chaux  du 
Teil  whose  composition  according  to  Dr  Michaelis  is : 

Silica 22.588 

Alumina 2 .  629 

Iron  oxid ,. .  . 837 

lime 65 .  624 

Magnesia 1 .  536 

Potash 124 

Soda 065 

Sulfuric  acid .  523 

Ignition 6 .  424 

IlydrauHc  limes  have  generally  a  yellow  color.  Their  specific 
gravity  is  about  2.9  and  on  ignition  they  lose  about  8^.  They 
harden  slowly  and  their  hardness  by  themselves  is  small.  On 
the  other  hand  if  mixed  with  sand  they  develop  a  high  degree  of 
tensile  strength. 

Natural  or  Bo&endale  cements 

Under  this  heading  are  included  those  made  from  limestones 
which  have  over  20;?^  of  ahmiinous  impurities,  and  which,  when 
l)urnod  and  finely  ground,  harden  with  w^ater  in  a  short  time.  This 
includes  the  Roman  cements  used  abroad,  and  also  the  dolomitic 
cements  made  from  magncsian  limestones.  They  do  not  develop 
much  heat  on  mixing  wuth  water,  and  their  strength  does  not  equal 
the  artificial  or  Portland  cement.  They  differ  from  hydraulic 
limes  in  their  quicker  set,  and  lower  percentage  of  lime.  The 
following  anaylscs  given  by  U.  Cummings^  indicate  the  wide 
range  of  materials  included  under  this  class.  Some  authors  in 
fact  make  two  groui)s  of  the  dolomitic  and  Roman  cement  ma- 

1  American  cements,  p.  35. 
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terials,  which  they  regard  as  coequal  with  Portland.  The  name, 
Rosendale,  is  often  given  to  these  cements,  because  it  is  the  name 
of  the  locality  at  which  the  natural  rock  cement  beds  were  first 
discovered  and  are  best  developed  in  the  United  States. 


Analyses 


o            a    \ 

No. 

1 

55 

16.05 
84.88 
83  71 
20.57 
28.14 

3 
a 

9 

1.98 
8.78 
6.85 

1.18 
9.1 

2 

M 

O 

1 

§ 

3 

"3 

10 
1 

CO 

r 

1  

8.88 

•  t  •      •  •  •  • 

8.89 

"i'.i" 

77  89 
71.91 
69.53 
77.76 
58.84 

1.68 

8 

Hydraulic  limes 
Y    rut  in  for  com- 

8 

.96 
.64 
1 

1.17 

4 

pariflon. 

R 

8.8 

8.48 

8 

8.-.88 
85.81 
44.5 

6.19 
703 
15 

4.64 
9.74 
18 

66.45 

66.17 

8.8 

4.8» 
1.75 
47 

7 

8 

5.5 

0.6 

0 

48  94 

18.75 

11  .»8 

6.4 

2.42 

8.93 

7.64 

10 

8t.3 

2.61 

6.8 

89.45 

6.16 

5.3 

•   •   •  •  •        •  • 

15  88 

11 

84.66 

6.1 

1 

80.i'4 

18 

6.'6 

484 

18 

23.16 

0.83 

1.71 

86.08 

20.88 

5.27 

7.07 

18 

26  4 

628 

1 

4^.22 

9 

4.?4 

7.86 

14 

25  28 

7  86 

1.43 

44  65 

9.6 

4.85 

7.04 

15 

8". 5 

6.84 

8  42 

84. 8^^ 

18 

8.98 

8.78 

16 

29.98 

6.8S 

8.6 

83  23 

17  8 

7.1 

8.18 

17 

80.84 

7.75 

8.11 

84.49 

)7.77 

4 

8.04 

18 

87.8 

7  14 

1.8 

86.98 

18 

6.8 

2.98 

llf  '  •  *     a  •  •  < 

27.98 

.      7.28 

1.7 

87.59 

15 

7.r6 

8.49 

80 

8^.88 

11  71 

8.29 

48.97 

2.81 

9 

844 

81 

19  9 

6.98 

1.14 

46  75 

Its 

8.02 

827 

88 

22.68 

7.44 

1.4 

40.68 

22 

823 

3.63 

88 

20.69 

7.21 

1.8 

48.18 

19.55 

1.13 

1 

84 

84.84 

8.56 

8.08 

61.08 

4 

8 

•  ••••••t 

.8 

86 

23.82 

6.99 

6.97 

58  96 

7.76 

•  •         •  •  •  • 

2 

88 

27.6 

10.6 

.8 

83  04 

7  26 

7.48 

2 

27 

88.42 

10.04 

6 

88.79 

9.59 

.6 

7.66 

88 

82  59 
22.44 
28.48 

728 

67 

6.71 

8.85 
8 

1.94 

48.18 
32.78 
36  81 

15 

.67 
23.89 

8.68 

85.46 

.92 

89 

80 

1.8 

81 

17  5 
22  21 
82  06 
8<.45 

18.50 
19  58 
28.08 

6.5 

16.48 

81.87 

8.24 

9.14 

1.97 

10.8 

8 

1.67 

8.11 

8 

1 

1.89 

8.8 

86  Rt 

89.64 

85.56 

6^ 

40.7 

41.51 

4«.4S 

86.40 
25 
2 

1.81 
8.57 

34.24 
7 

88 

17.6 

7 
10 
27 

1.47 

1 

83 

84 

85 

86 

8r 

.6 

8S 

85.15 

8 

883 

49.58 

18.78 

.26 

SOURCE 

1  Hydraulic  lime,  Aberthaw,  Eng. ;  used  in  construction  of  Eddystone  light- 

house 

2  Hydraulic  lime,  Lyme  Regis,  Eng. 

3  Eminently  hydraulic  lime,  Holywell,  Wales 

4  Hydraulic  lime,  Le  Teil,  France 

5  Hydraulic  cement,   "  King's   farm,"   Susquehanna   river,   near   Williams- 

port,  Pa. 

6  Roman  cement,  Rfidersdorf,  Ger. 

7  Roman  cement.  Isle  of  Shoppy,  Eng. 

8  Pozzuolana,  near  Rome,  Italy 
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9  Trass,  from  the  Rhine  valley 

10  Buffalo  hydraulic  cement,  Buffalo,  N.  Y« 

11  Utica,  111. 

12  Milwaukee,  Wis. 

13  "  Fern  leaf  "  brand,  Louisville,  Ky. 

14  "  Hulme,"  Louisville,  Ky. 

15  N.  L.  &  C.  CO.,  Rosendale,  N.  Y. 

16  "  Rock  look  "  " 

17  "N.Y.&R."  " 

18  "  Hoffman  "  " 

19  Norton  high  fall!         " 

20  Cumberland,  Md. 

21  Napance,  Ont. 

22  "  Newman,"  Akron,  N.  Y.  '  . 

23  "  Cummings  "         " 

24  South  Riverside,  Cal. 

25  "  Brockett,"  Fort  Scott  hydraulic,  Kansas  City,  Mo. 

26  Utica  brand,  Utica,  III. 

27  Shepherdstown,  W.  Va. 

28  Howard  hydraulic  cement.  Cement,  Ga. 

29  Hydraulic  cement  rock  on  Platte  river.  Neb. 

30  Mankato,  Minn. 

31  Cement  rock,  near  Salt  I^ake  City,  U. 

32  St  Louis  hydraulic  cement,  near  £.  Carondelet,  IlL 

33  Barnesville,  O, 

34  Warnock,  O. 

35  Austin,  Minn. 

36  Blacksburg,  S.  C,  cement  rock. 

37  Round  Top  cement,  Hancock,  Md. 

38  Balcony  Falls,  Va. 

The  Rosendale  region  of  New  York  is  one  of  the  best  pro- 
ducers of  natural  cement  (of  the  dolomitic  type)  in  this  country, 
but  hydraulic  limestone  is  found  more  or  less  in  many  states,  spe- 
cially those  of  the  Appalachian  region  of  the  east  Others  occur 
in  the  west  and  in  the  region  of  the  Great  lakes.  Some  idea  may 
be  gained  of  the  extent  of  this  industry  at  the  present  day  by 
stilting  that  the  works  for  making  natural  hydraulic  cements  are 
found  in  New  York,  Pennsylvania,  Maryland,  Virginia,  West 
Virginia,  Ohio,  Illinois,  Kentucky,  [Minnesota,  Kansas,  Utah, 
Now  Mexico,  Wisconsin  and  Texas.  According  to  the  United 
Statics  geological  survey,  there  were  70  plants  in  operation  in 
1891),  which  produced  1>,S(kS^171)  barrels  of  natural  cement,  worth 
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$4,814,771.  Nearly  60^  of  this  was  made  in  New  York  hj  29 
works.  In  fact  it  was  in  New  York  state  that  the  first  natural 
rock  cement  in  this  country  was  made,  and  the  United  States 
exceeds  all  other  countries  of  the  world  in  the  quantity  of  natural 
cement  produced. 

The  following  table  gives  the  production  in  1899. 


Production  1899 

No.  of 
works 

1 

Product  iNureb 
(.800  pounds) 

7  500 

13  000 

537  094 

922  453 

150  000 

362  000 

113  986 

689  167 

34  557 

511  404 

10  000 

12  000 

63  500 

52  727 

396  291 

Tolna 
7  500 

1 

9  750 

3 

187  983 

, 19   2 

2 

1  022  858 
60  000 

4 

144  800 

2 

56  793 

, 29   4 

2  813  500 

3 

17  279 

5 

1 

255  702 
8  000 

1 

3 

20  400 
38  100 

1 

21  090 

1 

151  992 

Florida  (1898) 

Georgia  .  .  . 

Illinois 

Indiana  and  Kentucky 

Kansas 

Maryland 

Minnesota 

New  York 

Ohio 

Pennsylvania 

Tennessee 

Texas  .  .  .   

Virginia 

West  Virginia 

Wisconsin 


76       9  868  179       4  814  771 

From  the  above  it  is  seen  that  in  1899  natural  rock  cement 
was  made  in  16  states,  by  76  firms. 

ITatnral  rock  cement  industry 

The  first  in  this  country  was  made  from  waterlime  rock  in 
1823,  its  nature  being  discovered  by  accident.  It  was  found 
while  the  Delaware  and  Hudson  canal  was  being  put  through 
Ulster  coimty,  and  it  was  noticed  that  the  lime  which  was  burned 
from  certain  strata  near  Rosendale  hardened  under  water  instead 
of  slaking.  Similar  discoveries  followed  rapidly  at  other  locali- 
ties, and  as  a  result  waterlime  rock  was  found  in  western  and 
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central  New  York,  in  the  Lehigh  valley  of  Pennsylvania,  in  the 
James,  Potomac,  and  Ohio  river  valleys,  the  result  being  that 
natural  rock  cements  were  made  at  all  these  localities  at  a  com- 
paratively early  date. 

In  1899  the  total  production  of  natural  rock  cement  was 
9,868,179  barrels.  This  was  unequaled  by  any  other  country, 
the  nearest  approach  to  it  being  France,  with  six  million  to  seven 
million  barrels  a  year  of  both  hydraulic  lime  and  hydraulic 
cements.  The  United  States  is  probably  in  the  lead,  owing  to 
excellence  and  abundance  of  raw  materials.  The  greatest  pro- 
duction was  in  1892;  since  then  both  product  and  price  have  de- 
creased, one  reason  for  this  being  the  increase  in  the  Portland 
cement  industrv. 

The  American  natural  cements  are  made  from  argillaceous 
limestone  of  varying  geologic  age.  In  western  Kew  York  state 
thov  are  mostlv  derived  from  the  waterlime  beds  at  the  top  of 
tlio  Salina.  Those  of  the  Rosendalc  region  are  from  the  base 
of  the  lower  Helderbcrg.  In  Wisconsin,  natural  rock  cement  is 
made  from  rocks  of  Devonian  age  near  Milwaukee;  and  in  Ken- 
tucky there  is  an  important  cement-producing  area  near  Louis- 
ville. In  Pennsylvania  thick  cement  beds  are  found  in  the 
Trenton  limestone  of  the  Lcliigli  valley,  but  magnesian  hydraulic 
limestones  are  also  known  in  the  Carboniferous.  In  Wisconsin 
ceinent  rocks  are  quarried  near  Milwaukee,  belonging  to  the 
Hamilton  period.  In  Illinois  near  Utica  and  La  Salle  cement 
is  obtained  from  the  Calciferous  limestone.  The  rocks  of  Mary- 
land are  also  Silurian. 

Tlie  deposits  at  Rosendalc  (X.  Y.)  are  perhaps  the  most  im- 
portant; but  those  of  the  Lehigh  valley  in  Pennsylvania  are  re- 
markable for  their  purity  and  extent. 

The  hydraulic  limestones,  or  natural  rock  cements,  can  bo 
divided  into  two  classes  based  on  the  different  amounts  of  car- 
bonate) of  magnesia  which  they  contain.  In  one  class  it  does  not 
exceed  tW  or  Ar'f,  while  in  aiKither  loi  to  l]yt  is  found.  Most  of 
the  hydraulic  lim(\st(me  of  the  Tnited  States  is  magnesian,  but 
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that  found  in  the  Lehigh  valley  and  the  upper  Potomflc  is  not. 
iJkewise  some  of  the  deposits  of  the  west;  but  it  can  be  said  in 
general  that  over  90^  of  the  rock  used  is  dolomitic.  The  Roaen- 
dale  and  the  Louisville  cements  contain  15!^  to  25^  of  magnesia. 
The  amount  of  the  two  carbonates  in  the  two  limestones  varies 
from  5-i;^  to  75^,  while  the  silica  and  the  silicates  may  varj-  from 
20^  to  47)(.  The  rock  may  even  vary  considerably  in  one  local- 
ity, it  being  sometimes  found  that  certain  layers  in  a  quarry  make 
excellent  cement,  while  others  are  useless  or  give  a  product  of 
low  grade,  A  good  example  of  this  is  furnished  by  the  following 
nnalyaee  quoted  by  Hichardaon  in  the  BrickhuUder,  1897,  p.  152. 
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Mr  Kichardson  states  as  follows: 

It  was  recommended  that  stratum  1  be  rejected,  as  it  con- 
tained 9.5;^  of  sand  coarser  than  would  pass  through  an  ordinary 
screen  of  100  meshes  to  the  inch.  This  rock  is  also  too  rich  in 
carbonates  and  would  have  given,  under  the  best  handling,  an 
inferior  cement,  as  magnesium  cements  deficient  in  clay  are  not 
constant  in  volume  after  use. 

Stratum  2  had  an  excellent  chemical  composition  hut  physically 
was  too  coarse,  and,  lying  among  inferior  strata,  it  would  natur- 
ally be  rejected  for  economic  reasons. 
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Stratum  3  was  rejected  because  quite  deficient  in  clay  and 
silica. 

Stratum  4  was  characterized  as  a  poor  rock,  which  might  be 
used  if  necessary,  but  was  not  recommended,  being  deficient  in 
clav. 

Stratum  5  was  marked  as  being  a  slight  improvement  over  4, 
owing  to  the  smaller  amount  of  carbonates  it  contained,  though 
deficient  in  clay. 

Stratum  6  was  too  rich  in  carbonates  and  too  low  in  alumina, 
or  clay,  to  be  used  for  hydraulic  cement. 

Stratum  7  was  the  most  silicious  of  the  series,  though  it  con- 
tained little  clay.  With  care  in  burning  it  could  be  used,  as  the 
silica  present  was  in  a  fine  state  of  division.  It  is,  however,  not 
an  entirely  satisfactory  rock. 

Stratum  8  proved  a  good  stone  for  this  quarry. 

Stratum  9,  in  both  its  light  and  dark  forms,  was,  besides  hav- 
ing great  lack  of  uniformity,  too  rich  in  carbonates  and  deficient 
in  insoluble  matter.  By  itself  this  stratum  would  prove  \  poor 
one. 

Stratum  10  was  excellent  and  recommended  for  use. 

Stratum  11  appeared  at  a  glance  to  be  insufficiently  hydrau.'e 
and  was  excluded. 

Of  all  these  strata,  for  one  or  more  reasons,  only  those  num- 
bered, 5,  8,  and  10,  were  considered  fairly  good  rock  if  burned 
by  themselves.  It  was  possible,  however,  to  mix  dilBFerent  strata 
and  thereby  obtain  a  mixture  of  the  proper  quality.  No.  7  was 
consequently  included,  and  the  cement  so  prepared  analyzed  as 
follows: 

Loss  on  ignition 8 .  29 

Uncombined  silica   16.3 

Combined  silica   13 , 6 

Alumina  and  iron  oxid 11 .  04 

Lime 33.36 

Magnesia , 15 .  58 

Sulfuric  acid 4 

Alkalis 1.5 
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Another  series  of  hydraulic  limestones,  which  are  lacking  in 
magnesia  however,  are  also  quoted  by  Richardson  in  the  article 
referred  to. 

These  facts  emphasize  clearly  the  necessity  of  thoroughl;^  test- 
ing the  rock  to  be  used,  in  advance.  Adaptibility  for  cement 
depends  on  the  amount  of  silica  and  silicates  which  it  contains 
and  also  on  the  percentage  of  sulfur  and  alkalis.  In  addition, 
the  silica  should  be  combined  with  the  alumina,  and  the  rock 
should  also  be  dense.  The  two  classes  of  natural  cement,  viz 
the  magnesian  and  the  non-magnesian,  differ  distinctly  in  other 
properties.  The  magnesian  cements  do  not  heat  on  mixing  and 
with  water  they  set  and  strengthen  slowly  but  in  the  end  are 
as  strong  as  the  lime  cements.  They  do  not  resist  frost  well 
when  first  used,  and  often  careful  preparations  have  a  tendency 
to  expand  a  year  or  two  after  use.  The  lime  cements,  even 
after  being  carefully  manufactured,  have  a  tendency  when  made 
into  mortar  to  heat,  on  the  one  hand,  when  too  rich  in  lime  and, 
on  the  other  hand,  to  bloat  when  too  rich  in  silicates  or  over- 
burned.  They  acquire  strength  rapidly,  having  nearly  as  great 
a  tensile  strength  at  the  end  of  from  one  to  28  days  as  the  mag- 
nesian cements.  They  resist  frost  better  than  the  latter  but  are 
at  times  inferior,  more  brittle  and  crystalline,  with  a  tendency 
to  deteriorale  in  strength.  The  perfectly  prepared  and  carefully 
made  cements  of  this  class  are  the  best  natural  cements  in  the 
world.  The  Round  Top  cement  of  the  Potomac  valley  is  typical 
of  the  highest  grade  of  the  lime  cements,  as  the  numerous  Rosen- 
dale  brands  are  of  the  magnesian  class. 

Physical  properties 
Of  primary  importance  is  the  density  of  the  rock.  A  light 
reck  does  not  bum  well  and  may  not  give  a  cement  of  suitable 
volume,  weight  or  density.  The  specific  gravity  at  78°  F  should 
not  be  below  2 , 7,  and  preferably  be  2 . 8.  Some  stones  used  have 
a  specific  gravity  of  only  2.65,  but  they  are  inferior.  The  best 
rock  is  obtained  from  those  portions  of  the  quarry  which  are 
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beyond  the  range  of  weathering.     Richardson  gives  the  follow- 
ing density  for  the  Rosendale  rock. 

Nearest  surface 

Light  rock   2.83 

Dark  rock 2.849 

Medium 

Light  rock   2.815 

Dark  rock 2.841 

Light  rock 2.827 

Dark  rock    2.845 

The  Fort  Scott  (Kan.)  rock  which  is  nearer  the  surface  has 
a  density  according  to  Mr  Richardson  of  only  2.73,  the  Round 
Top  rock,  Maryland,  is  2.731,  the  hydraulic  limestone  of  Illinois 
is  only  2.667  and  does  not  produce  as  dense  a  cement.  It  is 
also  desirable  that  the  various  ingredients  of  the  rock  should  be 
as  thoroughly  mixed  in  as  possible.  If  the  sand  is  coarse  or 
the  clay  in  lumps  or  the  carbonate  in  pockets  by  itself,  the  rock 
is  not  adapted  for  making  cement.  Generally  mere  inspection 
will  supply  information  on  this  point,  and  the  size  of  the  particles 
can  be  determined  by  dissolving  a  weighed  fragment  in  acid  and 
determining  the  size  and  quantity  of  the  insoluble  particles  of 
sand  remaining.  The  residue  of  the  Rosendale  rock  found  at 
various  depths  is  noted  by  Richardson  as  follows. 

Per  cent  of  residue  on  sieve  200  mesh,  100  mesh,  and  50  mesh 

Kcare^^t  surface 

Light  rock    2.9        ... 

Dark   rock    

!Modium 

Liglit  rock 

Dark    rock    


•  •  •        •  •  • 


•  •  •• 


•  •        •  • 


Doo]^ost 

Li^Iit  rook 0  .6  .4 

Dark  ruck 1.2  .5  .S 
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On  treatment  with  acids,  the  rock  retains  its  shape,  but  the 
clay  is.  dissolved  out,  and  the  residue  can  then  be  broken  down 
with  the  fingers.  If  a  coarse  rock  must  be  used,  the  burning 
should  be  slow  in  order  to  give  a  combination  between  the  lime 
and  silica  every  possible  chance  to  take  place. 

Manufacture 

The  process  of  manufacture  of  this  class  of  cements  is  com- 
paratively simple.  The  rock  as  it  comes  from  the  quarry  is  usu- 
ally broken  into  lumps  of  head  size  before  being  charged  into 
the  kiln. 

The  kilns  in  use  in  N"ew  York  state  are  similar  to  those  used 
for  burning  lime  (pi.  3).  The  old  type  kilns  are  made  of  stone, 
with  the  interior  either  round,  oval  or  rectangular  in  cross-sec- 
tion, and  lined  with  fire  brick.  They  are  open  at  the  top,  and 
taper  at  the  bottom  to  an  opening,  through  which  the  burned 
stone  is  discharged.  When  the  material  is  not  being  drawn,  this 
hole  is  sometimes  kept  covered  by  grate  bars. 

At  Akron  (N.  Y.)  the  kilns  have  an  interior  area  of  9  x  22 
feet,  or  when  round  a  diameter  of  9  feet.  The  hight  of  all  is 
34  feet. 

The  more  modern  kilns  are  cylindric  in  shape,  made  of  boiler 
iron.     They  are  from  40-45  feet  high  and  lined  with  fire  brick. 

In  burning  natural  cement  rock,  the  fire  is  first  started  with 
wood  in  the  bottom  of  the  kiln,  and  on  this  are  spread  alternating 
layers  of  coal  and  rock.  The  coal  is  of  pea  or  chestnut  size  com- 
monly. As  the  burned  stone  is  drawn  from  the  bottom,  fresh 
stone  and  fuel  are  added  at  the  top.  The  kilns  are  commonly 
built  on  a  hillside,  or  where  the  ground  is  flat,  five,  six  or  more 
in  a  row,  and  in  either  case  tracks  are  laid  on  the  top  to  facilitate 
the  delivery  of  the  stone  and  fuel.  The  yield  of  these  kilns  is 
large,  being  from  50-120  barrels  of  cement^  per  ton  of  coal. 
Some  patented  forms  with  the  Campbell  grate,  such  as  is  used 

iMin.  ind.  2:   lOi. 
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at  Milwaukee,  give  more  uniform  product  and  als.     se  less  fuel 
(pi.  7). 

When  the  material  is  drawn  from  the  bottom,  it  i-  (jommonly 
sorted  into  normally  burned  rock,  overburned  or  cli5.|Kored  ma- 
terial, and  underburned  stone.-    At  some  works  the  clinker  is 


retained  and  treated  separately;  for,  though  it  is  of  mutuj^ greater 
hardness  than  the  normally  burned  stone,  and  require  ,h  more 
powerful  machinery  to  crush  it,  still  it  possesses  a  mucb  higher 
tensile  strength.  Three  works  in  this  state  pulverize  this  clinker 
and  put  it  on  the  market  under  the  name  of  Portland  cement. 

Tliere  is  usually  a  track  running  along  the  base  of  the  kilns, 
on  which  the  cars  are  brought  to  receive  the  calcined  stone. 
These  cars  are  then  nm  up  to  the  grinding  rooms,  where  the 
rock  is  reduced  to  powder.  Several  types  of  crushers  and  pul- 
verizers are  used,  including  Gates  and  Blake  crushers,  Steadman 
disintegrators,  Sturtevant  burstone  and  emery  mills,  Cammings 
pulverizers,  etc. 

The  burned  stone  usually  goes  through  a  gradual  process  of 
reduction,  necessitating  the  use  of  machines  for  coarse,  medium 
and  fine  grinding,  and  the  types  used  as  well  as  their  arrange- 
ment is  slightly  different  at  each  works,  as  will  be  seen  by  refer- 
ence to  the  description  of  the  New  York  industry  given  in  subse- 
quent pages.  In  the  natural  cement  trade  there  are  several 
standards  of  w^eight  per  barrel,  as  follows:  Rosendale,  300  pounds 
net;  Pennsylvania,  280  pounds  net  in  barrels,  200  poimds  net  in 
sacks;  Western  standard,  2G8  pounds  net.^ 

The  Sturtevant  roll  jaw  crusher  (pi.  8)  contains  two  steel 
jaws  with  curved  faces,  pivoted  at  their  lower  end.  The  jaws 
are  operated  by  means  of  a  to/fgle  joint.  It  is  claimed  that  this 
crusher  takes  rocks  of  large  size  and  reduces  tliem  at  one  opera- 
tion to  gravel  and  sand.  A  crusher  with  G  x  10  jaw^s  weighs  7 
tons,  and  requires  10  horse  power  to  run  it.  Its  capacity  is  as- 
serted to  be  3  tons  an  hour  of  Portland  clinker,  when  set  to  ^ 
inch  opening. 

iMin.  ind.  G:   104. 
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The  emery  millstones  of  Sturtevant  type  are  seen  at  many 
cement  works.  They  consist  of  two  millstones,  with  emery  on 
the  surface.  The  millstones  are  in  each  mill  and  are  set  in  a 
horizontal  plane.  The  bedstone  is  bolted  in  place,  while  the 
upper  stone  is  set  to  revolve  with  the  minimum  amount  of  vibra- 
tion.   The  lower  stone  is  adjustable  (pi.  9,  10), 

The  size  of  the  mill  is  expressed  in  the  diameter  of  the  stone. 
The  mills  come  in  36  and  42  inch  size.  A  42  inch  size  will  grind 
on  the  average  5-6  barrels  of  Portland  an  hour,  when  working 
on  crushed  clinker.  About  95;<  of  the  product  from  the  mill- 
stones will  pass  a  100  mesh  sieve. 

The  same  machines  grind  from  18-20  barrels  an  hour  of  rock 
cement.  These  machines  require  from  15-18  horse  pow«»x  to 
operate  them.  '•^* 

The  Stedman  disintegrator  represents  a  type  of  mill  in  which 
the  pulverization  of  the  particles  is  produced  by  their  being 
thrown  violently  against  each  other  as  the  machine  revolves. 
The  machine  which  is  shown  in  pi.  11,  consists  of  several  con- 
centric drums,  alternate  ones  revolving  in  the  same  direction,  at 
a  high  rate  of  speed  and  represents  a  similar  disintegrator  of 
Sturtevant  make. 

These  machines  are  said  to  be  very  efficient  till  the  unequal 
wear  of  parts  disturbs  their  balance,  after  which  they  deteriorate 
rapidly  unless  the  worn  parts  are  renewed. 

Chemical  composition 

The  amount  of  carbonate  in  each  hydraulic  limestone  must 
not  exceed  75^  and  preferably  is  under  70;^,  and,  where  the 
quarry  contains  several  strata  of  different  richness,  it  is  possible 
to  bring  about  the  proper  composition  by  mLxing.  Hydraulic 
limestones  free  from  magnesia,  it  is  claimed,  give  the  best  results 
provided  they  contain  enough  clay.  The  Maryland  rock  with 
68.44jf  of  lime  carbonate  and  only  4.58;<  of  magnesia,  but  with 
silica  and  clay  amounting  to  29.66^,  is  an  example  of  this  kind* 
In  any  single  rock  the  amount  of  magnesia  should  not  exceed 
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40^  and  should  preferably  be  less  than  25;^.  A  stone  with  more 
than  the  latter  amount  has  a  tendency  to  expand  slowly  with 
age,  specially  if  it  runs  low  in  clay.  A  western  New  York  rock 
with  37^  of  carbonate  of  magnesia  and  less  than  2^  of  silica  and 
silicates  is  an  example  of  this  fact.  The  Kosendale  cements  con- 
tain only  about  20^  of  magnesian  carbonate  with  30j^  of  clay. 
The  amoimt  of  silica  and  silicates  present  is  highly  important, 
for  they  influence  the  hydraulic  properties  of  the  limestone,  and, 
as  said  before,  the  silica  should  be  in  combination  with  the  alum- 
ina. This  is  determined  partly  from  the  quantity  of  alumina 
contained  in  the  stone.  For  example,  two  stones,  one  from 
Akron  (N.  Y.)  and  the  other  from  the  Rosendale  region,  show 
according  to  Richardson  respectively  35^  and  29;^  of  insoluble 
material;  but,  from  the  amount  of  alumina  and  iron  present,  wo 
can  see  that  there  is  very  little  clay  in  the  Akron  stone,  while 
there  is  much  of  it  in  the  Rosendale  rock,  the  former  having 
only  4.84;^  of  alumina  and  iron,  while  the  other  has  lO^.  The 
Rosendale  in  consequence  makes  a  very  superior  cement,  while 
the  Akron  shows  the  qualities  resulting  from  a  deficiency  in  clay 
but  an  excess  of  magnesia.  The  effect  of  this  deficiency  in  clay 
is  to  form  a  cement  which  heats  and  sets  too  quickly,  but  an 
excess  of  clay  can  also  be  injurious,  as  already  stated. 

Sulfur,  when  found  in  the  limestone,  is  generally  in  the  form 
of  gypsum  (sulfate  of  lime)  or  pyrites  (iron  sulfid)  but  both 
of  these  substances  are  seldom  present  in  sufficient  amounts  to 
be  injurious.  Thej  may  occasionally  become  reduced  in  burn- 
ing wlieu  combined  with  iron  oxid  to  produce  a  green  color. 
Alkalis  such  as  potash  and  soda  are  harmless  unless  present  in 
more  than  2^;  an  excess  of  them  makes  the  rock  fusible,  and 
such  material  has  to  be  rejected.  The  following  alkali  percent- 
ages, in  different  natural  rock  cement,  are  given  by  Richardson. 

Milwaukee,  KoO 87 

[Milwaukee,  XaP 1 . 64 

Tort  Scott,  K^O 7 

Tort  Scott,  jS^O 1.33 
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Akron,  Star,  Kp  1.30 

Akron,  Star,  Ka.p 23 

Akron,  Obelisk,  Kp    1.6 

Akron,  Obelisk,  NaP 52 

Buffalo,  Kp 1.44 

Buffalo,  Nap 41 

These  alkalis  are  probably  derived  from  feldspar  grains  in 
the  clay. 

Eichardson  makes  the  following  subdivisions  of  natural  ce- 
ments, based  on  the  examination  of  those  made  in  various  parts 
of  the  United  States.^ 

1  Lime  cement  with  only  2^  or  3.^  of  magnesia,  IS^  to  15^ 
of  iron  and  aluminum  oxid,  and  20jif  of  combined  silica. 

2  Lime  cements  with  as  little  magnesia  but  vdih  less  silicates 
than  class  1,  and  consequently  less  satisfactory  and  more  fiery. 

3  Magnesia  cements  with  a  maximum  of  not  more  than  15^ 
of  magnesia,  the  same  amount  of  iron  and  aluminum  oxid  and 
16^  to  20^  of  combined  silica,  and,  in  addition,  considerable  un- 
combined  silicates,  as  they  are  not  thoroughly  burned. 

4  Magnesia  cement  with  a  large  amount  of  magnesia,  viz  over 
20>^,  less  alumina  and  iron  and  less  undecomposed  silicates  than 
in  the  preceding  class. 

5  Magnesia  cement  deficient  in  alumina  and  iron  oxids  as  well 
as  in  combined  silica. 

6  Magnesia  cements  thoroughly  burned,  made  from  rock  hav- 
ing a  smaller  amount  of  silicates  than  those  of  class  four,  with 
only  a  medium  per  cent  of  magnesia  and  little  uncombuied  sili- 
cates. 

Cements  of  the  first  class  set  and  acquire  strength  rapidly  and 
increase  in  this  direction  for  a  long  period,  but  the  final  result  is 
a  more  brittle  mortar  than  is  obtained  with  the  magnesia  brands. 
This  class  includes  the  lime  cements  of  the  Potomac  valley. 
According  to  Richardson,  the  second  class  has  not  as  variable  a 

1  Bnckbuilder.    Jan.  1808.    p.  14. 
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relation  of  silicates  to  lime,  and  consequently  the  cements  are  apt 
to  be  fiery  and  not  as  satisfactory.  They  are  slK)wn  to  improve 
by  the  addition  of  Portland  cement,  after  which  they  can  be 
used  quite  successfully.  This* class  includes  those  of  the  Lehigh 
valley.  The  third  class  is  represented  by  the  best  Rosendalo 
brands,  which  set  and  acquire  strength  slowly,  but  which  con- 
tinue to  develop  it  for  a  long  time  and  eventually  are  very  strong 
and  tough.  The  fourth  class  includes  cements  like  those  of 
western  New  York,  which  have  been,  while  containing  an  unusual 
amount  of  magnesia,  burned  so  hard  that  little  of  the  silicates 
remains  undecomposed  and  uncombined  with  the  lime  and  mag- 
nesia, and  in  consequence  they  are  apt  to  stand  a  long  time  after 
use,  unless  carefully  hydrated.  The  fiLfth  class  is  one  in  which 
the  cement  is  essentially  a  lightly  burned,  highly  magnesian  mate- 
rial in  the  preparation  of  which  the  heat  has  not  been  sufficiently 
high  or  prolonged  to  bring  the  greater  portion  of  the  silica  in 
composition  with  the  lime  or  magnesia,  in  this  respect  being  in 
contrast  to  the  preceding  class.  The  hydraulic  principle  and 
strength  are  therefore  largely  due  to  the  magnesia  and  carbonates 
rather  than  to  the  silicates  and  aluminates.  Examples  of  this 
are  those  cements  made  at  La  Salle  (111.)  The  last  class  gives 
a  cement  in  which  there  is  rather  less  magnesia  than  in  the  two 
preceding  classes,  and  less  aluminum  and  iron  oxid  than  in  the 
third  class.  Though  they  are  burned  so  thoroughly  that  there 
is  but  a  small  per  cent  of  silicates  uncombined,  still,  as  Mr  Rich- 
ardson says,  all  of  these  cements  will  when  properly  burned  and 
carefully  handled  give  successful  results  in  the  large  majority 
of  cases.  As  a  rule  natural  cement  mortars  will  acquire  a  satis- 
factory strength  with  sufficient  time,  though  it  may  have  orig- 
inally been  very  weak,  or  subjected  to  unfavorable  influences  due 
to  the  conditions  under  which  it  was  used, 

Portland  cement 

Portland  cement  is  a  hydraulic  cement,  in  which  the  percent- 
age of  lime  to  alumina  and  silica  is  about  as  2  to  1.    It  sets  rapidly 
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as  compared  with  hydraulic  limes,  and  differs  from  the  Rosendale 
type  of  cements  in  developing  a  much  higher  tensile  strength, 
and  being  invariably  very  low  in  magnesia. 

Portland  cement  was  discovered  by  Joseph  Apsdin,  of  Leeds 
(Eng.),  who  desired  to  make  an  artificial  cement  that  would  re- 
place natural  hydraulic  cements.  It  received  its  name  because 
it  hardened  under  water  to  a  mass  resembling  Portland  stone. 

With  very  few  exceptions,  Portland  cements  are  artificial  mix- 
tures, and  many  of  the  so-called  "  natural "  Portland  cements 
made  in  the  United  States  and  Germany  are  not  strictly  such. 

The  use  of  hydraulic  cement  is  very  old;  still  the  Portland 
cement  industry  has  been  developed  entirely  in  the  present  cen- 
tury. In  this  country  it  is  widespread  and  active,  but  the  output 
is  not  large  enough  to  supply  the  home  markets,  for  the  growth 
of  the  Portland  cement  industry  has  been  greatest  abroad  up  to 
the  last  three  or  four  vears. 

In  England  Portland  cement  is  made  chiefly  in  the  Thames  and 
Medway  districts,  where  white  and  gray  chalks  and  river  mud 
are  used.  In  Germany  the  Portland  cement  industry  is  devel- 
oped chiefly  in  the  northern  part  of  the  empire,  the  region  about 
Stettin  and  the  Rhine  valley  being  important  centers  of  produc- 
tion. In  these  localities  the  materials  used  are  chiefly  chalks 
and  marls  which  are  mixed  with  clay.  In  southern  Germany 
and  Austria  as  well  as  Switzerland  hard  limes  are  used,  in  north- 
ern France  marls,  chalks  and  clays  are  the  materials  employed. 

The  enormous  development  of  the  Portland  cement  industry 
in  the  United  States,  as  well  as  the  amount  of  material  usod, 
both  native  and  foreign,  may  be  judged  from  the  following  table, 
which  gives  the  production  of  Portland  cement  in  the  United 
States  from  1891  to  1898  inclusive  and  also  the  imports  for  these 
years.  These  imports  include  shipments  from  Germany,  Bel- 
gium, France,  England  and  Denmark. 

The  statistics  are  taken  from  the  volume,  Mineral  resources, 
21st  ann,  rep't  United  Slates  geol.  sur.  {see  pi.  12), 
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Production  in  TXnited  States 


1801 

1898 

1896 

1806 

1807 

1808 

Rome  production..... 
Imports 

454  818 
8  063  818 

600  868 
8  G74  no 

8  864  801 

000  894 
8007  885 

1  648  028 
8  080  to/ 

4  682  6S0 

8667  775 
8(09  604 

8  602  884 
8  018  818 

Total 

8448  120 

8  067  710 

4758  860 

6  706  108 

Exports 

14  878 

88  688 

68  466 

68  466 

86  738 

This  shows  that  the  total  consumption  has  increased  between 
30;^  and  40;^,  and  that  this  increase  has  been  supplied  mostly  by 
American  factories,  the  imports  having  remained  neariy  station- 
ary. It  will  be  noticed  that  in  1893  the  United  States  also  began 
to  export  some  Portland  cement. 

Production  by  states  1899 

fli.  i.  Number  of         Product,        Value  not  tnclud- 

oi9,in  worki  barrels  log  packages  • 

Arkansas 1  50  000  $87  600 

California 1  60  000  120  000 

Illinois 2  53  000  79  500 

Indiana None  in  1899 

Maryland •  '^ 

Michigan 4  842  566  513  849 

New  Jersey 2  892  167  1  338  250 

New  Mexico 1  1  500  4  500 

New  York 7  472  386  708  579 

North  Dakota 1  1  700  5  100 

Ohio 6  480  982  721  473 

Pennsylvania 9  8  217  965  4  290  620 

South  Dakota 1  35  000  70  000 

Texas None  in  1899 

Utah 1  45  000  135  000 

36         5  652  266     $8  074  371 

The  uses  of  Portland  cement  are  daily  increasing,  those  now 
important  including:  concrete,  for  river  improvement  and  canul 
work,  culverts  and  bridge  abutments,  sidewalks,  masonry.  In  this 
connoetion  the  following  remarks  of  Prof.  S.  B.  Newberry  may 
be  quoted. 
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American  cements  have  largely  replaced  foreign  brands 
throughout  the  U.  S.  This  is  especially  true  of  English  and 
Belgian  cements,  which  are  generally  inferior  to  the  best  Ger- 
man brands.  There  is  no  difficulty  whatever  at  present  in  sell- 
ing a  good  American  Portland  cement  in  St  Louis  and  Chicago 
at  a  higher  price  than  any  well-known  English  cement;  never- 
theless the  fact  remains  that  there  is  among  contractors  a  con- 
siderable prejudice  in  favor  of  certain  brands  of  German  cements, 
and  the  latter  still  command  a  higher  price  than  the  American. 
This  prejudice  is  unfounded,  and  is  therefore  certain  to  depart 
in  time,  but  it  still  exists.  American  cements  can  be  made  at  a 
price  which  will  allow  them  to  be  sold  cheaper  than  the  best  im- 
ported German,  and,  where  the  two  come  together  in  competition 
on  large  contracts,  the  work  is  generally  made  to  the  American 
manufacturers  on  the  basis  of  price.  This  was  clearly  shown  on 
the  letting  of  a  large  government  contract  at  Pittsburg  last 
winter.     The  offers  were  as  follows: 

1  Belgian  cement $2.50  a  barrel 

5  German  cements,  average  price....   $2.66         " 
4  American  cements,  average  price. . .   $2.28         ^' 

The  price  of  Portland  cement  is  steadily  coming  down,  and 
the  fall  is  being  hastened  greatly  by  the  successful  competition 
of  American  against  foreign  manufacturers.  There  can  be  no 
doubt  that  with  a  very  few  years  practically  all  the  Portland 
cement  consumed  in  this  countrv  will  be  of  domestic  manufac- 
ture.  The  prices  of  some  brands,  however,  will  hardly  bo  the 
same  as  they  are  now.  When  the  demand  is  completely  supplied 
by  American  manufacturers,  we  shall  have  works  in  this  country 
producing  2000  barrels  per  day  more  than  in  Germany,  and  the 
same  result  will  be  reached  here  as  in  Germany,  namely  the  com- 
plete replacement  of  the  common  natural  cement  rock  cements 
by  artificial  Portland.^ 

Portland  cement  industry 
Portland  cement  was  first  manufactured  experimentally  in  this 
country  at  Coplay,  Lehigh  co.  Pa.,  in  1872  at  a  locality  in  which 
natural  rock  cement  had  up  to  that  time  been  made.  A  second 
one  was  at  Wampum,  Lawrence  co.  Pa.,  where  fossiliferous  lime- 
stone and  clay  were  used. 

1  Newberry,  S.  B.    Brickbuilder.    1897.    p.  108. 
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According  to  Lewis^  the  principal  Portland  cement  plants  in 
operation  in  the  United  States  in  1897  together  with  their  dates 
of  establishment  were: 

Company  Brand                            Locality                Established 

Coplay  cem.  co Baylors,  Commercial. .  Coplay  Pa 1875 

J.  K.  Shinn  &  Bro Wampum Wampum  Pa 1876 

Millen  &  Sons Millen South  Bend  Ind...  1877 

Millen&Sons Millen Wayland  N.  Y....  1891 

Amer.  cem.  co Oiant  and  Egypt Kgypt  Pa 1884 

Amer.  cem.  CO Giant Jordan  N.  Y 1891 

Emp.  port.  cem.  co Empire Warner  N.  Y.  ...  1886 

Atlas  cem.  CO Atlas Coplay  Pa 1889 

Alpha  port.  cem.  oo Alpha Whitaker  N.  J.  . .  1891,  a'94 

West.  port.  cem.  co Western Yankton  S.  D.  ...  1890 

Buckeye  cem.  co Huckeye Bellefontaine  0. . .  1892 

Sandusky  cem.  co Medusa Sandusky  0 1893 

Diam.  port.  cem.  co Diamond Middlebranch   O . .   1893,  a  '97 

Bonneville  cem.  co Star Siegfrieds  Br.  Pa.  1894 

Vulcanite  cem.  CO Vulcanite Vulcanite  N.  J....  1895 

Glens  Falls  cem.  co Iron  Clad Glens  Falls  N.  Y. .  1895 

Bronson  port.  cem.  co. . . .    Bronson Bronson  Mich.  . ,  •  1897 

White  Cliffs  port.  cem.  co. .  Setter Whitecliflf   Ark. . .  1897 

a  Rebuilt. 

Additional  works  have  been  started  at  Coldwater  and  Union 
City  (Mich.),  Smiths  Landing  (K  Y.),  La  Salle  (111.),  Litchfield 
(Ky.),  and  besides  these  there  are  several  smaller  ones.  Accord- 
ing to  Mr  Lewis  the  total  capacity  of  the  American  works  is 
about  3,000,000  barrels,  of  which  70^  comes  from  the  Lehigh 
valley  region  of  western  Pennsylvania  and  eastern  New  Jersey. 

Composition  of  American  Portland  cements 

The  American  Portland  cements  are  made  from  a  variety  of 
materials  which  resemble  each  other  chemically  rather  than  geo- 
logically. As  the  cement  is  made  from  artificial  mixtures,  it  is 
frequently  possible  to  use  many  different  grades  of  limestone  and 
clay-bearing  rocks.  Though  Portland  cement  is  made  at  many 
places  and  from  material  of  widely  different  character,  Portland 
cement  materials  are  not  so  very  numerous.  The  alumina  and 
silica  are  commonly  supplied  by  clay,  sometimes  shale;  and  the 
lime  carbonate  from  limestone  or  marl. 

According  to  the  United  Stiites  geological  survey,*  the  number 
of  factories  using  limestone  or  marl  is  as  follows. 

»  Min.  ind.  6:  94. 

•  20th  an.  rep't.  U.  S.  geol.  sur.  pt  6,  p  545. 
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1897  1898 

No        Product,  bbl.  No.       Product,  bbl. 

Factories  using  limestone. . .     18     2  282  126         20     3  112  492 
Factories  using  marl 11        395  649         11        579  792 

29     2  677  775         31     3  692  284 

The  essential  elements  of  Portland  cement  are  calcium,  silica 
and  alumina.  The  first  is  generally  supplied  by  limestones  or 
marl,  the  two  latter  by  clay.  In  burning  these  three  elements 
unite  to  form  silicates  of  a  complex  nature,  and  it  is  essential 
that  they  be  combined  in  proper  proportion  in  order  to  give  the 
best  results.  Faija  claims^  that  the  lime  may  vary  from  58^  to 
64;<;  the  silica  from  18;^  to  24^;  the  alumina  and  iron  from  8^  to 
14)<. 

In  rare  instances  it  is  possible  to  find  a  natural  limestone  which 
contains  the  three  essential  elements  in  the  proper  proportion. 
With  marl  the  expense  of  crushing  and  grinding  the  material  is 
saved,  but  both  have  their  advantages  as  well  as  their  disadvan- 
tages. The  chemistry  of  Portland  has  been  most  carefully  stud- 
ied by  S.  B.  and  W.  B.  Newberry^  who  come  to  the  following 
conclusions. 

1  The  essential  constituents  of  Portland  cement  are  tricalcic 
silicate  w^ith  varying  amounts  of  dicalcic  aluminate.  The  com- 
position is  therefore  expressed  by  the  formula  X  (3CaO,Si02)  + 
Y  (-^CaOjA^ljOa).  From  this  the  proportion  is  calculated,  that 
is,  lime  by  weight  =  2.8  SiOj  +  l.l  AlaOg. 

2  FejOg  combines  with  lime  at  a  high  heat  and  acts  like  the 
alumina  in  promoting  the  combination  of  the  silica  and  calcium. 
For  practical  purposes  the  presence  of  ferric  oxid  in  clay  is  not 
to  be  considered. 

3  Alkalis,  judging  from  the  behavior  of  soda,  are  of  no  value 
in  promoting  the  combination  of  calcium  and  silica  and  probably 
play  no  part  in  the  formation  of  cement. 


'  Trans.  Am.  soc.  civ.  enj?.  80:  43. 
'  Cem.  and  eng.  news.     1898.    4:  6. 


698  KEW   YOKK   STATB    MUSEUM 

4  Magnesia  possesses  strong  hydraulic  properties  when  ignited 
alone  but  has  none  when  heated  with  silica,  alumina  and  clay, 
and  probably  plays  no  part  in  the  formation  of  cement.  It  will 
not  replace  lime  in  mixtures,  the  composition  of  which  should 
be  calculated  on  the  basis  of  lime  only,  without  regard  to  the 
magnesia  present. 

Using  the  formula  previously  given  they  made  up  and  tested 
cements  as  shown  below.^ 

Tens.  sir.  ^SQ 
in.  section 

R.  Cato 

Silicates  CaO     Si03  A120S        Pat.  test  Hot  te<(t         7  days  SSdays 

Silicate       05  8)     o  a?     7090     m  01     o     Set  hard,  sound,  Sound,  off  glass,     ^k^  «m 

Alumlnate  4.2  f    ^'^     "'^     ^'^     *  on  elaas  hard  ^"  *^ 

Silicate       91.6 1     «  ■.«     i«i  q       oa  1       a     Bet  hard,  sound,  Sound,  off  ^lass,      *Att  van 

Alumlnate     .4r    ^'^^     ^^'^      ^'^       *  on  Rlass  hard  **'  ^^ 

Silicate       f  5.8  i     o  oa     70  kr     00  41c     7     Set  hard,  sound,  «m  ^rm 

Alumlnate  14.7  f    *-^     ^'^     ^^^     ^  off  glass  Sound  on  g  ass       ""  *" 

Silicate       74.8  j     «  .»     Mm      10  na    10     Set  quick,sound,  Sound,  od  g  ass,      «nK  oa 

AJumlnate25.8r    ^'^^        '^^     ^^'^   "  oflf  glass  hard  *"*  "* 

The  actual  composition  of  some  leading  cements  on  the  market 

is  given  below. 

Calcium  silicates 

R.Cato 
Formula      Si  A    CaO  Si02  Pat.  test  Hot  test 

B    Ca     SiO    1.85  65.1184.69  Set  hard,  hard  7  days,  hard  6  weeks  Sound,  en  glass,  hard 

SV^CaOl  Si02  2.83  70       80  Set  soft,  fairl?  hard  7  days.hard  6  w^elrs  '' 

8    CaO  Si02  2.8    78.63  26  88  Set  soft,  fairly  hard  '  days,  hard  6  weeks  ** 

^CaO  Si03  8.87  7tf .66  88.44  Cracked  soft  1  day,  hard  6  weeks  ** 

Dr  Michaelis  considers  that  in  good  Portland  cement  the 
ratio  of  the  total  silicates  to  the  lime  should  be  about  as  one 
to  two,  and  that  the  variation  from  this  ratio  should  only  be 
within  narrow  limits.  Cements  rich  in  lime  set  more  slowly,  but 
harden  better  than  those  poor  in  lime.  Cements  rich  in  silica 
generally  set  slower  than  those  rich  in  alumina  but  the  former 
harden  very  energetically  in  the  beginning  and  are  better  for 
use  under  salt  water.  According  to  Dr  Michaelis^  the  celebrated 
German  Portland  cement  manufactured  at  Stettin  in  Germany 
has  a  silica  percentage  of  nearly  25  with  5.7j<  of  alumina  and 
2.5;^  of  ferric  oxid. 

A  material  like  the  limestone  of  Teil  is  for  instance  admirably 

suited  for  the  manufacture  of  Portland  cement  to  be  used  in 

>  ■ 

*  Cem.  and  eng.  news.    1897.    v.  3,  no.  6,  p.  85. 

*  Schoch.     Die  modeme  aufbereitung  und  wertung  der  mdrtel  materialien, 
p.  85. 
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marine  "work;  its  composition  is:  silica  24;  alumina  2.8;  ferric 
oxid  .9;  lime  70. 

Schoch  expresses  the  opi)Osite  opinion  to  Newberry,  and  con- 
siders that  alkalis  act  as  a  flux,  and  they  can  be  replaced  by 
calcined  soda.  He  also  states  that  they  are  of  great  benefit  in 
connection  with  the  hardening  process  of  cement,  as  they  con- 
vert the  silica  into  a  soluble  form,  in  which  condition  it  combines 
with  the  lime  when  wet. 

An  addition  of  i%  to  ijj  of  fluorspar  is  very  beneficial  for 
bringing  about  an  easy  clinkering  of  the  materials.  Neariy 
all  cements  contain  some  magnesia  and  sulfur,  which  come  ori- 
ginally either  from  the  clay  or  from  the  fuel  used.  Kedgrave* 
states  that  all  mixtures  containing  77j<  of  carbonate  of  lime 
will,  when  sufficiently  calcined,  give  Portland  cement  of  fair 
quality.  Compounds  with  too  much  clay  fuse  too  easily,  and 
the  resulting  cement  is  light  in  weight,  sets  quickly,  has  a 
brownish  color  and  never  becomes  thoroughly  hard.^  It  more- 
over crumbles  when  exposed  to  the  weather.  Overlimed  cements, 
that  is  where  the  part  made  of  lime  in  the  slurry  ranges  above 
77^  or  78j^,  give  a  cement  which  will  stand  the  hottest  fire  with- 
out fusing. 

Such  cements  when  burned  are  slow  setting  and  hard  to  grind^ 
and  Portland  cement  made  from  such  mixtures  is  liable  to  fiow 
and  swell. 

In  Europe  the  clay  is  generally  mixed  with  marl  or  chalk,  but 
in  this  country  comparatively  little  marl  is  used.  In  this  country 
Prof.  S.  B.  Newberry^  gives  17  works  as  mixing  limestone  with  the 
clay,  and  seven  using  marl,  and  of  the  latter  four  are  in  Xew 
York  state. 

Marl  is  cheaper  to  use  for  the  manufacture  of  Portland  cement, 
as  it  is  softer  and  finer  grained  and  consequently  needs  little 
grinding.  It  always  has  a  large  percentage  of  moisture  whicli 
must  be  expelled. 

>  RedKniTe.    Calcareous  oemoits. 

•        "  p.  89. 

'  Mineral  resooroes  of  U.  S.    16th  an.  rep*t  U.  S.  geol.  8ur.  4:  546. 
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Redgrave  gives  the  following  analyses  of  English  Portland 
cement  mixtures. 

1  Mixture  made  at  Folkestone  from  gray  chalk  and  gault  clay 

2  Forest  of  Dean  limestone  and  clay 

3  Mixture  from  Barrow  lias  quarries 

All  dried  at  100°  C,  but  2  and  3  have  perhaps  also  lost  some 

H,0. 

1  2 

Sand 2.5  5.57 

Silica 11.83  9.61 

Ferric  oxid 1.97  2.42 

Alumina    6.23  3.45 

Iron  pyrites   tr.     

CaCOj 74.18 


s 


MgCO 

CaSO, 

KA 

H,0. 


1.29 
.18 
.9 
.31 

1.82 


75.80 
1.5 
.16 
.88 
.39 
.61 


3 

2.58 
11.41 

2.34 

4.8 
.43 
74.00 

2.61 
.21 
.93 
.46 
.43 


A  day  or  Med  way  mud  from  Qillingham  is  as  follows: 


SiO, 38,413 

Al  and  Fe 1,856 

SiOj 25.249 

AlA 14.244 

Fe,0 6.744 

CaO 81 

MgO 1 .727 

KjO   2 .957 

Na,0 773 

H,0 3.384 

Pyrite 214 


} 


Sand 


I   Hyd. 
'  silicates 


The  clay  used  for  cement  should  not  contain  an  excess  of  sand 
or  iron.  Clays  low  in  iron  are  usually  of  a  gray  or  blue  color 
and  light  yellow  on  weathering.  The  clay  should  be  fairly  sili- 
cious,  and  the  more  amorphous  silica  present  the  better.  Mi- 
chaelis^  gives  the  following  typical  examples. 

1  Hydraulischer  mSrtel  u.  Portland-cemente,  p.  99. 


toi 

1             •  s  «  •  • 

SQ, 60.06  59.35  60  69.4S  6S.4S    84.73 

AIA 17.79  23.12  22.22  20  11. W     24.27 

F«/)» 7. OS      8.53  8.99  7.83  U.S        7.64 

C«0. 9.93  4.18  6.8  .75      1.89 

HgO 1.89       2.8  1.6  1.16     

K^ 2.5         1.87  1.49  1.74      1.9       

*«/> 73      1.6  .72  .87       2.1       

C«SO« 6        2.78  .89  .60     

1  Province  of  Saxony  4    Brandenbui^ 

S  VorpommerD  5  i  tr  i 

8  Oberfutix  6  i  ^*^^ 

In  most  of  the  European  cements  the  lime  nms  from  90i  to 
65^y  while  in  the  American  it  seldom  exceeds  63,i.  In  the  Fronok 
and  Belgian  cements  the  sulfuric  acid  is  low,  in  order  that  thej 
may  comply  with  the  engineer's  specifications.  The  Portland 
cements  made  in  the  eastern  United  States  generally  show  more 
magnesia  than  the  western  ones.  The  maximum  peroentago  of 
this  material  in  American  is  about  4^,  while  in  the  European  it  ii 
2.5^.  Magnesia  was  formerly  considered  very  objectionable,  but 
opinion  is  now  receding  on  this  point  Those  Ainorican  brandi 
containing  4jt  of  magnesia  are  not  shown  to  be  at  all  inferior. 

In  the  various  numbers  of  the  Thonindustrie  zeitung  for  1807 
and  1898,  that  is  vol.  21  and  22,  will  bo  found  a  number  of  ar- 
ticles and  discussions  concerning  the  effect  of  magnesia  in  Port- 
land cement.  Elaborate  experiments  of  R.  Dyckerhoff  abroad 
have  not  shown  any  injurious  effects  to  come  from  4j<  MgO. 
Many  American  manufacturers  adulterate  cement  by  adding  suU 
fate  of  lime.  This  generally  acts  as  a  diluent,  and  it  should 
always  be  stated  when  it  is  done. 

The  raw  materials  used  in  the  manufacture  of  Portland  cement 
may  sometimes  contain  sulfate  of  lime  in  the  fonn  of  the  mineral 
gypsum,  or  sulfur  may  be  present  in  the  form  of  pyrito,  wliich 
in  burning  tends  to  react  with  some  of  the  carbonate  of  lime, 
yielding  calcium  sulfate.     A  similar  effect  may  be  caused  if  there 
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is  much  flnlfur  in  the  fuel  used.  The  effect  of  thia  sulfate  of 
lime,  if  it  does  not  exceed  2ft  or  3)^,  is  to  greatly  delay  the  setting 
of  the  cement  and  also  increase  it3  Snal  strength  somewhat.  If 
present  to  the  extent  of  4^  or  5^^  however,  both  these  qualities 
disappear,  since  the  formation  of  calcic  sulfid  is  brought  about, 
which  in  turn  reacts  with  the  iron  compounds  in  the  cement  and 
tends  to  disintegrate  it.  The  effect  of  sulfate  of  lime  is  shown 
in  the  accompanying  table,  taken  from  Prof.  Johnson's  work, 
Materials  of  coTistruciion  (p.  187). 

The  German  association  of  Portland  cement  manufacturers  has 
declared  against  any  addition  except  up  to  the  2i(  CaSO,to  regu- 
late setting  time.  It  is  the  general  practice  in  the  United  States 
now  to  put  in  m  CaSO«  to  produce  slow  set. 

The  following  experiments  are  quoted  by  Lewis,  showing  the 
effect  of  sulfate  of  lime  on  the  rate  of  setting.* 
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Eeanlts  reported  by  John  Grant  in  1880.' 

■iXTintB  7  day*      81  days       60  dByi 

1-1  briq.  average  of  5 107       159       188 

1-1  briq.  w.  H,80,  added  to  water; 

average  of  5 129       227       260 

Kesults  reported  by  Prof.  Tetmajer  in  1894.' 
•  Uin.  ind.  8:  101. 
■  MltUk  d.  Am  Eur  PiUfung  t.  baumaterialien.     1894.     T  hfte,  p.  89. 
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2.79 
1.81 
l.« 
1.68 
2.48 


1.25 

i.n 

1.24 
1.1 
1.5 
1.36 


MgO 

so, 

2.84 

1.63 

1.16 

2.71 

2.73 

1.51 

1.85 

1.39 

1.32 

1.82 

American  raw  materials  used  in  the  manufacture  of  Portland 
coment  also  show  a  great  variation  in  their  composition,  as  will 
be  seen  from  the  following  table  of  analyses  taken  in  part  from 
Mineral  industry,  6:  97,  and  from  the  volumes  on  mineral  re- 
sources in  the  annual  reports  of  the  director  of  United  States 
geological  survey. 
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also  taken  from  the 


The    following    additional  analy: 
Mineral  indusU-y,  6 :  97  and  90. 


European  materials 
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American  raw  materials  used  in  tbe  manufacture  of  Portland 
cement  also  show  a  great  variation  in  their  composition,  as  will 
be  seen  from  the  following  table  of  analyses  taken  in  part  from 
Mineral  industry,  6:  97,  and  from  the  volumes  on  mineral  re- 
sources in  the  annual  reports  of  the  director  of  United  States 
geological  survey. 
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Tho    following    additional  analyses  are  also  taken  from  the 
Mineral  industry,  6:  97  and  09. 
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Manufacture  of  Portland   cement 

Tbe  steps  usually  followed  are  preparation  of  the  raw  m&te- 
rials,  mixing,  burning,  grinding  and  bolting. 

In  Portland  cement  manufactiire  there  are  two  general  meth- 
ods of  preparation,  tbe  aim  of  each  being  to  mix  thoroughly  the 
raw  materials.  These  methods  are  known  as  wet  and  dry  meth- 
ods. In  the  wet  method  proper  the  materials  are  mixed  by 
forming  them  into  a  thin  paste  with  water,  after  which  they  aro 
dried  before  burning.  In  the  dry  method  only  enough  water  is 
used  to  permit  forming  the  materials  into  bricks,  so  that  they 
can  be  charged  into  the  kiln.  A  modification  of  the  dry  method 
consists  in  grinding  the  material  dry  and  charging  it  in  this  man- 
ner into  the  rotary  furnace,  or  mixing  only  enough  water  to 
make  it  ball. 

Wet  proceu.  The  raw  materials  best  adapted  to  this  method 
are  soft  chalk  and  plastic  clay,  which  on  account  of  their  condi- 
tion can  be  easily  mixed  with  water.  The  material  has  sometimes 
to  be  reduced  to  a  powder  by  means  of  crushers,  but  this  is  not 
always  necessary,  and  the  mixing  is  done  in  water.  It  is  the 
custom  at  some  works  to  give  tbe  material  a  preliminary  mixing 
by  spreading  it  in  alternating  layers  of  chalk  and  clay  on  the 
floor,  and,  when  it  is  removed  to  the  washing  mil],  digging  into 
it  vertically. 

The  wash  mills  in  which  the  mixing  is  done  consist  of  several 
different  forms,  but  they  are  essentially  cylindric  tanks,  some- 
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times  of  masonry,  at  others  of  wood,  the  oisual  diameter  being 
20  feet  and  the  depth  6  feet  to  7  feet.  In  the  center  of  the  tank 
is  a  masonry  pier,  which  supports  a  revolving  vertical  shaft, 
which  carries  the  wooden  frame  with  the  scrapers.  This  is  driven 
by  means  of  a  rack  and  pinion.  Such  a  mill  makes  about  20 
revolutions  a  minute,  and  sometimes  the  materials  are  put  through 
twice  in  succession  to  insure  a  thorough  mixing,  enough  water 
being  added  to  keep  the  whole  in  suspension.  If  the  water  has 
to  be  evaporated,  then  it  is  best  to  use  as  little  as  possible.  Water 
is  continually  added  during  the  stirring,  and,  as  it  overflows,  it 
passes  off  through  chutes  to  the  backs.  These  chutes  also  serve 
iie  purpose  of  arresting  any  sand  that  the  material  may  contain. 

One  of  the  disadvantages  is  that,  owing  to  differences  in  spe- 
cific gravity  of  the  clay  and  chalk,  they  may  settle  with  different 
rapidity.  This  can  be  guarded  against  by  repeated  testings.  It 
is  claimed  by  some^  that  the  wet  process  does  not  mix  the  mate- 
rials as  thoroughly  as  the  dry  method,  specially  where  limestone 
is  used. 

Another  disadvantage  is  the  time  required  to  dry,  and  also  the 
floor  space  needed. 

Dry  method.  In  this  method  the  raw  materials  are  ground 
dry  separately,  after  which  they  are  mixed,  and  then  wet  up  to 
a  paste  known  as  slurry,  which  is  molded  into  slabs  or  bricks  to 
facilitate  charging  it  into  the  kiln.  This  method  of  preparation 
may  be  used  in  connection  with  any  type  of  kiln  except  the  rotary 
one,  for  in  this  case  there  is  no  need  of  forming  the  slurry  into 
oakes  of  any  kind.  At  some  works  a  dry  press  instead  of  a  stiff 
mud  machine  is  used  to  mold  the  bricks. 

Burning.  After  the  raw  materials  have  been  thoroughly  mixed 
they  are  burned  to  a  condition  of  incipient  vitrification.  Accord- 
ing to  the  type  of  kiln  used,  the  mixture  is  charged  in.  either  the 
wet  or  dry  condition.    The  changes  which  take  place  in  burning 

are  of  great  importance,  for  on  their  proper  manipulation  depends 

* — 

iGaxy,  K.    Trans.  Am.  soc.  civ.  eng.    1803.    30:  3. 
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the  quality  of  the  manufactured  product.  These  changes  are 
three  in  number,  L  e.  driving  off  of  the  mechanically  combined 
water;  driving  off  the  carbonic  acid;  fusing  together  of  the  silica, 
alumina,  lime  and  iron.  Each  of  these  requires  a  different  tem- 
perature for  its  accomplishment,  but  the  attainment  of  the  proper 
temperature  to  produce  the  last  change  is  the  most  important. 
If  the  required  temperature  is  overstepped,  the  cement  is  over- 
burned  and  has  little  or  no  setting  power. 

Specific  gravity.  The  specific  gravity  of  the  Portland  cement 
is  often  an  indication  of  the  thoroughness  of  the  burning,  and  is 
determinable  by  some  form  of  pycnometer. 

One  type  consists  of  a  flask  with  a  stopper,  and  having  a  long 
graduated  neck.  The  vessel  is  filled  with  benzin  or  turpentine 
up  to  the  zero  graduation  on  the  tube.  A  given  weight  of  ce- 
ment is  dropped  into  the  tube,  care  being  taken  to  allow  all  the 
air  bubbles  to  escape,  when  the  rise  of  the  liquid  in  the  tube 
indicates  the  volume  of  cement  added.  If  metric  units  have  been 
used,  then  the  specific  gravity  of  the  cement  is  equal  to  the  weight 
of  the  quantity  added  in  grams  divided  by  the  increase  in  volume 
in  cubic  centimeters. 

Well  burned  Portland  cement  has  a  specific  gravity  of  more 
than  3.05,  but  should  not  exceed  3.15  or  3.20. 

In  making  this  test  it  is  necessary  to  see  that  there  are  no 
lumps,  and  that  the  cement  is  thoroughly  dried. 

Kilns.  The  types  of  kilns  used  in  the  United  States  are: 
intermittent  or  dome  kilns;  continuous  kilns,  of  Dietzsch  or 
Sliofer  type;  rotary  furnace. 

In  the  old-fashioned  intermittent  kiln  the  bricks  of  cement  and 
coke  are  charged  in  alternate  layers.  The  Dietzsch  and  Shofer 
kilns  are  continuous,  as  already  stated,  and  possess  the  great 
advantages  of  cheaper  fuel,  economy  of  labor,  and  of  burning 
the  dry,  powdered  material.  The  rotary  furnace  effects  an  enor- 
mous saving  of  time  and  labor,  and  it  is  claimed  that  the  tem- 
perature can  be  regulated  far  more  exactly  than  is  possible  in 
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the  older  processes.  Crude  or  fuel  oil  is  used  at  all  the  American 
factories  where  this  type  of  furnace  is  employed.  Producer  gas 
could  no  doubt  be  employed.  It  is  claimed  by  Johnson  that  this 
type  of  kiln  is  used  only  at  those  works  where  the  mixed  mate- 
rials will  not  adhere  with  sufficient  ^firmness  to  permit  molding 
into  bricks. 

Dome  kiln  (pi.  14).  This  is  one  of  the  oldest  types  used,  and  is 
the  simplest  The  kiln  is  charged  by  placing  kindling  at  the  bot- 
tom, and  then  alternate  layers  of  coal  and  slurry  cake  are  put  on, 
till  the  kiln  is  full  enough.  The  fire  is  then  started,  and  bums 
slowly  upward  through  the  mass,  the  temperature  gradually  in- 
creasing. The  doors  at  the  bottom  are  then  opened  and  the 
clinkers  discharged  through  them.  The  kiln  is  recharged  for  an- 
other burning.  The  recharging  occurs  about  once  in  a  week  or  10 
days.  The  proportion  of  underburned  and  overbumed  clinker 
depends  on  the  relative  amount  of  fuel  and  slurry  used.  As  fuel 
burns  out,  fresh  material  can  be  added  at  the  top,  or  the  whole 
mass  can  be  allowed  to  burn  out  and  be  removed  without  recharg- 
ing the  kiln.  There  is  much  waste  heat,  which  is  sometimes 
utilized  for  drying  the  slurry,  but  the  utilization  of  this  should  in 
no  way  interfere  with  the  working  of  the  kiln. 

WTien  the  kiln  is  intermittent  in  its  action,  there  is  of  course 
a  great  loss  in  heat.  There  is  probably  also  much  cost  for  re- 
pairs, as  the  heating  and  cooling  tend  to  crack  tho  walls.  This 
kiln  is  rather  expensive  in  fuel  and  produces  an  output  averaging 
only  3  to  6  tons  of  cement  a  day  in  a  month's  run.  A  good  deal 
of  sorting  and  picking  of  the  clinker  is  required  to  exclude  the 
underburnt  and  vitrified  material.  Till  1889  these  were  the  only 
kilns  in  this  country. 

Dietzsch  kiln  (pi.  15).  This  is  continuous  in  its  action,  and  has 
been  in  use  in  some  works  for  a  number  of  years  being  patented 
in  1884.  The  fuel  used  in  it  is  generally  coal  slack,  and  the  cost 
of  calcination^  comparing,  this  with  the  "  bottle  "  kiln  is  small^ 
but  the  slurry  has  to  be  dried  before  introduction,  and  there  is. 
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no  available  waste  heat  for  tliis  purpose.  The  working  part  of 
the  kiln  is  divisible  into  three  sections,  viz,  a  heating,  a  burning, 
and  a  cooling  chamber. 

Butler  describes  it  as  follows:*  (see  pL  15) 

Supposing  the  kiln  to  be  in  operation,  the  cooling  chamber  H 
would  be  tilled  with  calcined  clinker,  which  is  being  cooled  by 
the  cold  air  passing  through  it  on  its  way  to  the  burning  chamber 
F.  The  cooling  chamber  thus  serves  the  double  purpose  of 
cooling  the  clinker  and  giving  its  heat  to  the  entering  air. 

The  burning  chamber  is  filled  with  slurry. 

The  heating  chamber  B  is  filled  with  slurry,  which  is  introduced 
at  A.  At  fixed  intervals,  generally  about  every  half  hour,  a 
certain  portion  of  the  clinker  is  drawn  out  at  the  bottom,  which 
causes  a  general  downward  movement  of  the  mass  throughout 
the  kiln,  while  a  fresh  portion  of  the  slurry  heated  by  the  escap- 
ing gases  is  raked  forward  into  the  calcining  chamber,  the  neces- 
sary fuel  being  added  through  the  eyes  EE. 

It  sometimes  happens  that,  owing  to  the  clinker  being  slightly 
overbumed  and  vitrifying  too  much,  the  mass  hangs  up,  and  will 
not  drop  properly  when  a  portion  is  drawn  from  the  bottom; 
to  overcome  this  difiiculty,  eyes  are  placed  at  convenient  levels 
at  the  lower  end  of  the  calcining  chamber,  so  that,  with  the  aid 
of  iron  bars,  the  mass  may  bo  det-ached  and  again  set  in  motion. 

This  kiln  is  said  to  be  very  economical  in  fuel  consumption. 
It  however  requires  constant  attention  and  charging.  The  labor 
is  great  compared  with  that  compelled  by  the  common  inter- 
mittent kiln,  and  it  has  to  be  watched  carefully,  so  that  much 
of  the  success  in  burning  depends  on  the  skill  of  the  burner. 
Butler  claims  that  it  yields  a  large  percentage  of  unburned  slurry. 

Newberry^  claims  great  economy  of  fuel  for  the  Schofer  type 
of  kiln,  specially  its  modified  form,  the  Aalborg.  Only  about 
two  tons  of  soft  coal  a  day  are  required  for  each  kiln,  with  a  daily 
production  of  75-80  barrels  of  cement  clinker.  This  is  only 
about  12^  of  the  weight  of  the  clinker  produced,  and  with  coal 
at  $2  a  ton  corresponds  to  a  cost  for  fuel  of  only  5c  for  each 
barrel  of  cement  produced. 

1  Butler,  D.  B.    Portland  cement. 

•  18th  an.  rep*t  U.S.  geol.  8ur.  pt  5,  p.  1176. 
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Detail  of  cooling  chaxnbor  of  rotarjr  kiln  (Mineral  indnatrj*  6:109) 
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Eotary  Tciln,  This  consists  of  an  inclined  revolving  iron  cylin- 
der lined  with  fire  brick  (pi.  17).  The  slurry  or  dried  mix- 
ture is  charged  at  the  upper  end,  and  oil  or  gas  fuel  blown  in  at 
the  lower,  the  gajses  of  combustion  passing  through  the  chamber 
and  out  at  the  upper  end,  while  the  cement  mixture  slowly  passes 
down  through  it,  the  burned  clinker  being  discharged  at  the 
lower  end. 

At  the  present  time  the  rotary  kiln  is  gaining  favor  in  the 
United  States.  It  is  claimed  by  Lewis*  that  the  cost  of  oil  fuel 
in  this  type  of  kiln  is  28  to  40c  a  barrel,  depending  on  the  price 
of  oil,  but,  using  powdered  coal,  the  fuel  cost  is  greatly  reduced. 

There  has  also  been  a  great  improvement  in  the  mechanical 
features  of  the  kiln. 

In  this  country  the  rotary  kiln  was  first  experimented  with  in 
1889^  when  the  Atlas  cement  co.  of  New  York  began  to  experi- 
ment at  Coplay  (Pa.)  with  revolving  continuous  kilns,  employing 
crude  petroleum  for  fuel.  The  oil  was  blown  in  by  jets  at  one 
end  and  the  products  of  combustion  passed  into  a  stack  at  the 
upper  end  of  the  inclined  revolving  cylinder.  This  kiln  has 
been  patented  in  England  by  Frederick  Eansome,  who  also  se- 
cured an  American  patent  for  it.  Since  1889  its  success  has 
increased  in  America,  and,  though  this  type  of  kiln  is  said  to 
have  been  unsuccessful  in  England,  in  this  country  there  are  no 
less  than  40  of  them  in  operation,  both  on  the  hard  raw  material 
of  the  Lehigh  valley  and  on  the  soft,  wet  marls  of  Ohio  and 
Michigan,  and  also  limestones  of  New  York.  The  revolving 
continuous  kiln  is  perhaps  therefore  an  American  device,  since 
its  only  successful  development  has  been  in  this  country.  Orig- 
inally employed  with  producer-gas,  it  was  subsequently  modified 
so  as  to  use  jets  of  crude  petroleum,  while  latterly  experiments 
have  been  made  with  a  view  to  utilizing  pulverized  coal  as  fuel, 
and  several  plants  are  working  kilns  employing  this  fuel. 

Certain  improvements  in  the  way  of  auxiliary  cylinders  for 
regenerating  the  heat  in  hot  clinker  have  been  perfected,  and 
the  Atlas  cement  co.  has  also  worked  out  a  scheme  for  sprinkling 
and  cooling  the  clinker  in  a  third  cylinder,  so  that,  when  dis- 
charged from  this,  it  will  be  ready  for  immediate  grinding  in 
the  mill  (pi.  18). 

IMin.  ind.  7:  113. 
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Hoffman  ring  hUn.  This  is  used  at  a  number  of  works  m 
Germany  but  thus  far  has  not  been  introduced  into  the  United 
States.  It  is  circular  in  form  and  consists  of  a  number  of  cham- 
bers which  are  connected  by  flues  with  a  central  stack,  and  also 
with  each  other.  The  fuel  is  charged  through  the  top  and  the 
kiln  is  down-draft  in  its  action.  The  fire  is  started  in  the  first 
chamber,  and  the  heat  from  that  is  used  to  heat  up  several  of 
the  subsequent  ones  before  it  passes  off  to  the  stack.  The  mate- 
rial is  dried  preferably  in  the  shape  of  bricks. 

The  advantages  are:  saving  in  fuel  of  10^  to  20}<;  combustion 
more  perfect  than  in  dome  kiln;  kiln  well  under  control;  burning 
can  be  watched.  The  disadvantages  are:  not  economical  unless 
run  continuously;  material  of  chamber  lining  should  be  as  basic 
as  possible  to  avoid  union  with  silica  of  cement 

There  are  about  five  different  types  of  kilns  in  use  in  the 
United  States  at  the  present  time,  requiring  three  different  meth- 
ods of  preparation  for  the  raw  materials,  regardless  of  differences 
of  preparation  which  may  be  required  by  the  character  of  these 
materials.  The  following  list  quoted  from  Lewis  may  serve  as 
partial  illustration  of  this  point. 

Approximate 
output  a  day 
MANUFACTORY  KILN  No.    Barrels 

Coplay  cement  co Schofer  continuous. . .  9  65 

Coplay  cement  co Ordinary  intermittent  23  30 

American  cement  co.,  Egypt.                      "  56  30 

American  cement  co.,  Jordan                     "  6  30 

Atlas  cement  co Revolving  continuous  20  150 

Alpha  cement  co "  8  150 

Vulcanite  CO "  3  150 

Sandusky  co *'  4  120 

Bronson  co "  3  120 

Empire  co Ordinary  intermittent  18  130 

Glens  Falls  co Schofer  continuous   . .  8  60 

Whitecliffs  Ark "  8  60 

Buckeye  cement  co Ordinary   intermittent  • .  80 
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Approximate 
output  a  day 

VAHUFACTOBT  KvuT  Now        Barrels 

Buckeye  cement  co Dietzsch   continuous.  •    •  •>  60 

Diamond  cement  co *  continuous ... 

Yankton  S.  D Johnson  intermittent.  .6  ... 

Bonneville  cement  co !Eevolving   continuous      3  150 

A  new  plant  near  Egypt  (Pa.)  and  another  near  Sandusky  (O.) 
are  both  installing  revolving  continuous  kilns^  as  is  also  one  at 
CatskiU  (K  Y.) 

Orinding  the  clinker.  American  practice  uses  a  combination 
which  has  brought  this  step  in  the  manufacture  of  Portland^  ce- 
ment to  a  high  degree  of  perfection.  The  machinery  used  is  in 
part  of  American  manufactiire  and  partly  of  foreign  origin. 

It  has  been  found  that  the  best  results  are  obtained  by  using 
a  gradual  reduction  of  the  clinker  instead  of  attempting  to  grind 
it  all  fine  at  once,  and,  with  this  object  in  view,  it  is  common  to 
break  the  material  up  first  into  limaps  by  means  of  crushers  of 
the  Gates  or  Blake  type  and  then  pulverize  it  in  ball  or  tube  mills 
or  mills  of  the  Griffin  type.  Ball  mills  are  sometimes  used  for 
the  first  grinding  but  in  that  case  in  conjimction  with  Banish 

tube  mills. 

The  absence  of  separators  is  sometimes  commented  on,  it  be- 
ing claimed  that,  if  the  sufficiently  fine  material  were  removed 
after  each  grinding,  the  capacity  of  the  machines  would  be  in- 
creased. Wind  separators  are  occasionally  used  abroad,  but  find 
very  little  application  in  American  practice.  The  following  table, 
taken  frcwn  the  Mineral  industry,  v.  6,  gives  the  fineness  of  dif- 
ferent brands  of  native  and  foreign  cements. 

Per  cent  paflufna:  sieves 
No.  to  No.  100  No.  too 

Saylors 100  96 .4 

Oiant. 90  94. 9 

Atlas 99.5  92.7 

Alpha.. 99.7  94.8 


•  •  *  •» 


•  • 


.... 


.... 
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Per  cent  paMting  sleTes 

No.  60  Mo.  100  No.  900 

Vulcanite 99.6  95.3         .... 

Sandusky 99.6  92.8 

Brooks,  Shoobridge  &  Co 98.8  88.3 

Aslen 99.7  92.4         68.4 

Aalborg 100  99.6         72 

Condor.. 99.6  88.5 


• .  •  • 


•  • 


• .  •  • 


Ball  mills.  At  many  factories  a  ball  mill  is  used,  Tvliicb  con- 
sists of  a  revolving  cylindric  chamber,  divided  into  segments  with 
inclined  steps.  In  this  chamber  is  placed  the  clinker  together 
with  a  number  of  flint  balls,  and,  owing  to  the  rotating  action, 
the  clinker  is  pulverized.  The  surface  on  which  the  balls  travel 
is  of  hard  metal.  It  is  also  perforated  so  that,  as  soon  as  the 
clinker  is  ground  fine  enough,  it  falls  through  on  a  metal  screen, 
which  retains  the  coarser  grit,  the  finer  particles  passing  on 
through  gauze.    PI.  19,  20  show  a  sectional  view  of  a  ball  mill. 

Tube  mills  (pi.  21).  These  are  also  used  for  the  reduction  of 
the  clinker,  and  consist  of  an  iron  cylinder  about  15  feet  long 
and  4  feet  in  diameter,  half  filled  with  flint  balls.  The  chief 
object  of  the  tube  mill  is  to  complete  the  grinding  of  the  cement, 
the  preliminary  grinding  of  the  clinker  taking  place  in  some 
other  machine. 

The  cylinder  rotates  at  a  speed  of  25-30  revolutions  a  minute, 
and  the  material,  which  is  charged  at  one  end,  gradually  works 
its  way  out  to  the  other,  though  the  mill  is  horizontal.  The 
lining  of  the  mill  is  either  of  cast  iron  strips  or  specially  prepared 
brick.  The  material  fed  to  it  should  have  been  preWously  crushed 
to  20  mesh.  If  used  in  conjunction  with  millstones,  they  take 
the  heaviest  part  of  the  wear  off  the  latter.  Their  capacity  de- 
pends of  course  on  the  fineness  to  which  the  material  is  to  be 
ground.  Butler^  gives  the  following  figures  illustrating  the  ca- 
pacity oi^hese  mills  under  given  conditions. 

1  Portland  cement,  p.  140. 
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Resichie  to  the  linear  inch  of  sieve-holes 
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At  many  works  the  ball  mills  and  tube  mills  are  used  in  con- 
nection with  each  other. 

Griffin  mill  (pi.  22).  The  Grifl^  mill  is  used  at  some  factories 
for  grinding  the  finished  product.  It  consists  of  a  steel  ring, 
against  the  inside  surface  of  which  a  heavy  steel  roll  revolv- 
ing on  a  vertical  shaft  presses  by  centrifugal  force.  The  mill 
is  provided  with  screens,  so  that,  as  soon  as  the  material  has 
reached  the  required  fineness,  it  can  pass  through,  the  coarser 
particles  however  dropping  back  into  the  mill.  This  type  is  much 
used  in  German  and  other  continental  works. 

The  Griffin  mill  is  used  chiefly  for  grinding  those  particles 
which  have  been  rejected  by  the  sieves,  and  often  in  conjunction 
with  millstones.  In  many  factories  however  it  performs  the  en- 
tire work  of  reduction.  The  crushing  roll  is  attached  to  a  shaft 
suspended  vertically  from  a  ball  joint.  To  the  bottom  of  the  roll 
there  is  attached  a  series  of  plows  or  stirrers,  so  that,  when  the 
pan  below  contains  sufficient  material  to  come  in  contact  with 
the  plows,  it  is  thrown  up  between  the  crushing  roll  and  the  die. 

Two  sizes  of  this  machine  are  made,  the  diameter  of  the  ring 
or  die  of  the  smaller  being  30  inches  and  of  the  larger  36  inches, 
the  diameters  of  the  respective  rolls  being  18  and  22  inches. 
The  pulley  speed  for  each  machine  ia  200  and  150  revolutions  a 
minute. 

Butler  states  that,  at  one  mill  where  two  of  these  machines  are 
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in  use,  of  30  and  36  inches  respectively,  the  larger  mill  is  worked 
on  tailing  from  the  separators  only,  the  hourly  output  being  38-40 
cwt  when  ground  to  about  2^  on  60.  The  smaller  sized  mill  is 
worked  on  tailings  from  the  separators  and  clinker  from  the 
crusher  mixed,  a  rough  grating  being  placed  in  the  clinker  hop- 
per to  prevent  any  pieces  larger  than  a  walnut  from  going  for- 
ward into  the  mill,  as  such  pieces  would  choke  the  worm  feed. 
The  smaller  mill  under  these  conditions  is  said  to  yield  26-30  cwt 
an  hour. 

Mills  compared.     H.  Faija  makes  the  following  comparisons. 

The  power  consumed  by  the  several  principles,  reduced  to  the 
proportions  of  1  ton  of  cement  an  hour,  may  be  approximately 
stated  as  follows:  for  millstones  30^32  horse  power  per  ton  an 
hour;  ball  principle  16-18;  edge  runner  principle  12-14.  In 
each  case  the  cement  is  ground  to  a  fineness  of  a  6^  residue  on 
a  50  X  50  sieve,  and  it  will  thus  be  seen  that  the  power  required 
is  proportionate  to  the  amount  of  flour  produced. 

Butler  declares,  from  microscopic  analysis  of  different  cements, 
that  the  statement  that  millstones  produce  an  angular  grain,  and 
edge  runners  a  rounded  one,  is  incorrect. 

Testing 

There  are  as  yet  no  universally  accepted  standard  methods  of 
testing,  but  the  characters  which  may  be,  and  often  are  deter- 
mined are:  compressive  strength;  tensile  strength;  rate  of  set- 
ting; boiling  test;  abrasion;  permanency  of  volume;  degree  of 
fineness;  adhesion;  specific  gravity. 

Mixing  the  mortar 
In  1885  the  American  society  of  civil  engineers  suggested  test- 
ing briquets  of  neat  cement,  and,  in  addition,  briquets  of  cement 
and  sand:  those  of  natural  cement  with  one  part  sand,  and  those 
of  Portland  cement  with  three  parts  sand  by  weight.  Some  au- 
thorities advocate  the  abandonment  of  the  neat  cement  test,  since 
in  use  the  material  is  always  mixed  with  sand.     The  ratio  of 
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sand  to  cement  is  commonly  3  to  1  in  case  of  Portland  and  two 
to  one  in  case  of  natural  rock  cement. 
Johnson  states: 

For  special  purposes  4  to  5  parts  of  sand  may  also  be  employed, 
specially  with  finely  ground  cements,  such  as  give  a  residue  of 
less  than  10;^  and  a  sieve  with  14,400  meshes  per  square  inch. 
Since  in  the  sand  mixtures  a  standard  sand  must  be  employed,  it 
has  become  necessary  to  use  clean  sharp  sand  which  has  passed 
a  no.  20  sieve  and  stopped  on  no.  30.  ^ 

In  order  farther  to  insure  the  identity  of  the  sand,  the  Ameri- 
can society  of  civil  engineers  has  recommended  that  crushed 
quartz  be  used,  such  as  is  used  in  the  manufacture  of  sandpaper. 
Johnson  does  not  favor  this  practice;  for  the  material  has  fully 
60^  of  voids,  while  the  ordinary  sands  with  roughly  rounded 
grains  have  but  SS^  of  voids.  Any  good  sharp  sand  therefore  of 
the  size,  20-30,  should  give  very  nearly  uniform  results,  which 
will  average  much  higher  than  those  obtained  with  crushed  quartz, 
unless  the  quartz  briquets  be  thoroughly  compacted  by  hard 
hammermg. 

The  amount  of  water  added  will  vary  somewhat  with  the  kind 
of  cement,  but  it  should  be  very  little,  in  fact  just  enough  to 
produce  a  mixture  resembling  damp  sand.  Jameson  gives  the 
approximate  amounts  (p.  55)  as  20^  to  25;^  for  neat  cement,  15;^ 
for  one  part  sand,  and  10;^  to  12;^  for  three  parts  sand.  It  is 
always  well  to  note  the  amount  of  water  used.  The  temperature 
of  the  water  and  also  of  the  laboratory  should  be  between  60^ 
and  70°  F. 

The  mixing  should  always  be  done  on  a  non-absorbent  surface, 
and  the  sand  and  cement  should  be  mixed  dry,  and  then  the  water 
added. 

Compressive  strength 

The  test  for  compressive  strength  is  seldom  carried  out,  the 
reason  being  that  the  results  are  apt  to  be  uncertain  even  though 
care  be  taken  in  the  preparation  of  the  specimens.     They  must 
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be  all  exactly  of  the  same  size,  and  have  the  sides  exactly  parallel 
and  the  ends  exactly  perpendicular  to  them.  This  is  only  ob- 
tainable when  large  cubes  are  used,  and  these  require  great  ma- 
chines to  crush  them. 

M.  Gary  states^  that  in  order  to  obtain  agreement  between 
different  compression  testSj  the  specimens  should  be  made  by 
machinery,  and  gives  the  following  directions. 

Take  400  grams  (14  oimces)  of  cement  and  1200  grams  (42.2 
ounces)  of  dry  standard  sand,  mix  thoroughly  in  a  dish,  add  160 
grams  (3.6  ounces)  of  water,  and  work  the  resulting  mortar 
thoroughly  for  five  minutes  (quicksetting  cements  are  to  be 
worked  but  one  minute).  Put  860  grams  (30.3  ounces)  of  this 
mortar  into  the  cubic  mold  properly  provided  with  filling  cases 
and  fastened  to  the  bed  plate.  The  iron  core  is  placed  into  the 
form,  and  150  blows  are  delivered  on  it  bv  means  of  the  hammer 
apparatus,  with  the  hammer  of  2  kilograms  (4i  pounds)  weight* 
The  filling  cases  and  core  having  been  removed,  the  specimen  is 
struck  off  flush,  smoothed  and  drawn  off  the  bed  plate  together 
with  the  mold. 

For  neat  cement  specimens,  mix  about  1000  grams  (2.2  pounds) 
cement  with  the  requisite  amount  of  water.  The  molds  should 
be  oiled  a  little,  and  can  be  removed  only  after  the  cement  has 
sufficiently  hardened,  which  is  usually  from  20  to  24  hours  after 
making. 

While  the  elasticitv  of  Portland  cement  decreases  after  some 
years,  and  the  tensile  strength  ceases  to  grow  after  a  similar 
period,  its  compressive  resistance  increases. 

The  machines  used  for  determining  the  compressive  strength 
are  similar  to  those  employed  for  the  crushing  of  building  stones 
and  bricks.  The  compression  test  is  seldom  carried  out  in  the 
United  States. 

Tensile  strength 

To  carry  out  this  test  the  cement  is  mixed  with  water  to  the 
consistency  of  a  stiff  paste  and  formed  into  briquets,  this  being 
done  by  means  of  brass  molds. 

When  the  cement  alone  is  used  it  is  spoken  of  as  "  neat "  ce- 
ment.    When  mixed  with  sand  the  term  "  cement  mortar  *'  is 

>  Trj-ns.  Am.  soc.  civ.  eng.  80:  25. 
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BBhme  hammer,  used  lor  making  cemeDt  brlqueta  (RIebIg  BrM.) 
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applied  to  it.  The  briquets  are  allowed  to  "  set "  either  in  air 
or  water  and  are  then  pulled  apart  after  a  time,  the  number  of 
pounds  a  square  inch  required  to  do  this  being  recorded.  This 
is  the  usual  test  made  on  cement,  and,  while  it  is  not  subjected 
to  a  tensile  strain  in  actual  work,  still  it  gives  a  good  idea  of  the 
strength  of  the  cement,  and  is  easily  carried  out.  The  briquets 
should  be  made  of  cement  taken  freshly  from  the  barrel. 

Form  of  briquets.  Several  different  forms  of  briquets  have 
been  devised,  but  all  have  been  so  designed  as  to  cause  the 
briquet  to  break  at  its  minimum  cross-section.  The  American 
society  of  civil  engineers  recommended  a  standard  size  of  briquet, 
which  is  one  inch  thick  and  the  same  in  width  and  weakest  in 
the  center.  This  is  smaller  than  that  which  is  made  in  England 
or  on  the  continent,  but  it  gives  satisfactory  results,  and  tlie 
smaller  size  makes  it  less  likely  to  have  air  bubbles. 

Briquets  may  be  made  either  by  hand  or  by  machine.  When 
made  by  hand,  the  mortar  is  mixed  with  a  trowel  and  pressed 
into  the  mold  with  it  also.  It  is  always  desirable  for  the  same 
person  to  make  all  of  one  series  of  briquets.  It  is  claimed  that, 
when  the  material  is  pressed  into  the  mold  with  the  trowel,  the 
pressure  exerted  on  the  briquet  is  not  evenly  distributed  over 
the  surface.  The  briquet  molds  are  usually  constructed  of  brass, 
and  are  made  in  two  pieces. 

Holding  briquets.  There  will  always  be  some  variation  in  the 
tensile  strength  of  briquets.  Jameson  claims  that,  with  the  use 
of  his  briquet-molding  machine,  the  variation  was  reduced  to 
about  45^;  and  the  Bohme  hammer  (pi.  23)  is  said  to  accomplish 
the  same  object. 

Heath  in  his  Manual  of  lime  and  cement,  p.  83,  gives  the  fol- 
lowing method  for  insuring  uniformity  in  the  briquets: 

"  The  mixed  cement  is  to  be  lightly  placed  in  the  molds,  and  is 
then  to  be  pressed  for  five  minutes  under    a   load  of  10  pounds 


1  Jameson.    Portland  cement,  p.  51. 
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placed  on  top  of  the  soft  cement  projecting  above  the  mold." 
The  loading  block  is  shaped  to  the  mold  with  ^  of  an  inch  clear- 
ance and  is  to  be  placed  on  the  cement  symmetrically ;  after  load- 
ing, the  surplus  cement  is  to  be  cut  off  with  a  trowel  or  a  knife, 
and  the  briquet  smoothed  level  with  the  top  of  the  mold.  "  With 
the  exercise  of  the  greatest  care,  the  handmade  briquets  do  not 
compare  with  those  made  with  the  machine." 

Another  advantage  of  machines  is  the  rapidity  with  which  the 
briquets  can  be  made,  and  an  additional  advantage  of  this  is  that 
a  lot  of  material  can  be  mixed  up  at  once. 

In  making  briquets  by  hand  enough  material  is  usually  mixed 
to  make  four  or  five  briquets  at  once,  and  this  is  necessary  if  the 
material  is  at  all  quick  setting. 

All  tensile  test  briquets  should  be  kept  in  a  moist  atmosphere 
for  24  hours,  and  then  kept  the  remainder  of  the  period  in  water. 
It  is  important  that  the  water  used  in  mixing  and  also  the  bath  in 
which  the  briquets  are  immersed  should  be  kept  at  a  constant  tem- 
perature,  so  that  uniform  results  may  be  obtained.  Thus  it  has 
been  found  that  in  Portland  cement  the  time  of  setting  is  shortened 
by  increasing  the  temperature  of  the  mixing  water,  while  the 
strength  attained  in  a  given  time  may  be  greatly  increased  by  rais- 
ing the  temperature  of  the  bath  from  40°  to  80°\  In  case  of 
normal  mortar,  IC:  3S,  this  increase  at  two  months  was  from  100 
to  230  pounds  per  square  inch. 

Briquet  macliines.  The  object  of  these  is  to  bring  about  uni- 
formity of  pressure  in  the  molding  of  the  briquets.  A  number  of 
such  machines  have  been  devised  but  comparatively  few  of  them 
are  in  use.  The  Bohme  hammer  is  a  machine  much  used  in  Ger- 
many for  this  purpose  (pi.  23).  According  to  M.  Gary*  it  con- 
sists of  a  tilt  hanmier  with  automatic  action.  The  hammer  is 
driven  by  a  cam  wheel  of  10  cams  actuated  by  simple  gearing,  and 
the  wrought  iron  handle  of  the  hammer  is  let  into  the  crosshead 

I  Johnson.     Materials  of  construction,  p.  408» 
Trans.  Am.  soc.  civ.  eng.  30:  24. 
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which  carries  the  axle  of  the  hammer,  and  keyed  to  this  crosshead 
and  to  the  cap,  so  that  it  may  be  readily  replaced  if  worn.  The 
steel  hammer,  weighing  4^  pounds,  is  similarly  fastened  to  the 
cap.  As  soon  as  the  intended  number  of  blows  has  been  delivered, 
the  mechanism  is  automatically  checked,  the  machine  having  been 
BO  adjusted  before  the  beginning  of  the  work. 

The  number  of  blows  required  in  the  standard  German  tests  is 
150.  The  forms  to  receive  the  mortar  consist  of  a  lower  and  up- 
per case  held  together  by  springs.  The  lower  case  for  compres- 
sion specimens  consists  of  two  angle  irons  held  on  a  plane  plate 
by  a  grinding  strip  and  a  screw  acting  on  the  latter.  Upward 
motion  is  prevented  by  two  wedge-shaped  surfaces.  The  lower 
case  and  half  the  upper  ones  are  filled  with  the  mortar  to  be  tested, 
and  a  plate  laid  on  its  surface.  On  this  plate  the  blows  are  deliv- 
ered. It  is  of  vital  importance  that  the  apparatus  should  rest  on 
a  firm  non-elastic  base. 

The  Jameson  machine^  is  described  by  the  author  as  follows: 

The  main  portion  of  the  machine  consists  of  a  cylinder,  which 
is  flanged  at  the  lower  end,  this  flange  corresponding  in  size  and 
shape  to  the  upper  part  of  the  base.  The  cylinder  is  bolted 
to  the  base  by  four  bolts,  each  bolt  provided  with  a  filler  that 
holds  the  lower  face  of  the  filler  1  inch  above  the  base  plata 
Both  of  these  faces  are  accurately  planed.  It  is  between  the 
two  plane  faces  that  the  molding  plate  swings,  the  fillers  on 
the  bolts  acting  as  stops.  The  bore  in  the  cylinder  is  the  shape 
and  size  of  the  briquet.  In  the  bore  there  works  a  solid  plunger, 
and  the  length  is  sufiicient  to  cover  the  feed  hole  when  at  its  low- 
est points.  This  plunger  is  operated  by  a  lever.  At  either  side 
of  the  plate  are  two  extractors  which  correspond  in  outline  and 
size  to  the  opening  in  the  plate,  and  which  are  raised  by  means  of 
levers  thus  forcing  the  molded  briquet  from  the  plate. 

A  high  capacity  is  claimed  for  this  machine,  it  being  stated  that 
three  students  have  made  3000  briquets  in  10  hours. 

>  Jameson.    Portland  cement,  p.  50. 
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Cement-testiiig  macMiies.  A  number  of  different  maeliines 
have  been  devised.  The  two  generally  used  in  this  country  are 
Fairbanks's  and  Biehle's. 

In  the  Riehle  machine  (pi.  24)  the  strain  is  applied  to  the 
specimen  by  means  of  a  screw  attached  to  the  lower  clip.  The 
upper  clip  is  attached  to  a  graduated  steel  bar  on  which  there  slides 
a  weight.  This  bar  is  kept  balanced  during  the  test  by  moving  the 
weight  along  it  with  the  aid  of  the  upper  wheel.  Both  wheels 
must  be  operated  at  the  same  time,  and  the  end  of  the  upper  beam 
or  indicator  kept  as  nearly  as  possible  in  the  middle  of  the  open- 
ing in  which  it  moves.  The  amount  of  strain  on  the  specimen  is 
shown  by  the  position  of  the  sliding  weight. 

The  Fairbanks  machine  is  of  more  compact  form,  and  its  con- 
struction is  best  understood  by  reference  to  the  figure.  After 
putting  the  briquet  into  the  clips  the  levers  are  balanced,  and  the 
hopper  filled  with  shot.  This  is  allowed  to  nm  out  into  the 
bucket  till  the  briquet  breaks,  when  the  stream  of  shot  is  stopped 
automatically  (pi.  25). 

Clips.  Several  forms  of  clips  are  made.  The  early  ones  had 
rather  sharp  edges  which  came  in  direct  contact  with  the  briquet; 
but  this  has  been  found  objectionable,  partly  from  the  fact  that 
the  briquets  were  not  always  of  just  the  right  form  to  insure  a 
perfect  bearing.  The  result  of  this  was  that  a  false  strain  was 
often  brought  on  the  briquet,  causing  it  to  break  at  a  lower  point 
than  it  really  should,  and  also  at  some  other  point  than  its  mini- 
miun  section.  This  trouble  has  been  overcome  in  a  measure  by 
introducing  cushions  between  the  metal  and  the  briquet,  or  even 
supplying  the  edges  of  the  briquet  with  rubber  rolls. 

Johnson  gives  the  essential  features  of  the  clips  as  follows. 

1  They  must  grasp  the  briquet  by  a  hard  cushion  bearing  on 
four  symmetric  flat  surfaces. 

2  They  must  be  freely  suspended  from  a  pivot  bearing,  so  as 
to  turn  without  friction  while  under  stress. 


e  tor  tMtlDf  tli«  teoille  atressUi  of  oament  brlqnaU 
N  dip*  far  holdlog  briQneta;  P  icrew  for  m>p1tIde  itnln  to  biluics  I«ct  Cl  Fbl 
to  boU  ibot,  ttd  In  Uironcli  I,  fram  Iha  hoiiper  K;  J  i.utonutic  cut  otf 
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3  They  must  be  so  rigid  that  they  will  not  spread  appreciably 
when  subjected  to  their  maximum  load. 

Placing  briquet  in  machine.  This  should  be  carefully  done, 
seeing  that  not  only  is  the  briquet  in  straight,  but  also  that  it 
has  a  full  bearing  surface.  The  pressure  should  be  applied  slowly, 
not  faster  than  600  pounds  a  minute.  A  note  should  be  made 
of  the  number  of  pounds  required  to  break  the  briquet  and  also 
of  the  character  of  the  break.  When  the  fracture  is  uneven,  or 
does  not  occur  at  the  minimimi  section,  a  note  is  always  made 
of  the  fact,  and  the  cause  of  this  should  be  ascertained  if  possible. 

Sand  used.  Two  kinds  of  sand  are  used  in  cement  tests,  de- 
pending on  the  object  for  which  the  tests  are  being  made.  In 
the  one  case,  when  the  cement  is  to  be  used  in  a  particular  piece 
of  work,  then  it  should  be  mixed  with  the  sand  that  it  will  be 
mixed  with  in  the  actual  work  of  construction. 

If  the  cement  is  being  tested  simply  for  comparative  purposes, 
or  there  is  uncertainty  as  to  the  quality  of  the  sand,  then  standard 
sand  should  be  used.  The  standard  is  clean  crushed  quartz  of 
such  size  that  it  will  go  through  a  no.  20  sieve,  but  be  retained 
on  a  no.  30  sieve. 

After  molding  and  removal  from  the  molds  the  briquets  are 
set  on  non-absorbent  slabs  for  24  hours  under  a  damp  cloth,  after 
which  they  are  removed,  half  of  them  being  put  under  water. 
The  style  of  the  tanks  or  pans  used  varies  with  the  arrangement 
of  the  laboratory  and  the  fancy  of  the  person  making  such  tests. 
The  briquets  when  placed  under  water  are  always  set  on  edge. 

Temperature  of  briquets.  In  cements  there  may  be  a  slight 
increase  in  temperature  following  the  molding,  which  is  due  to 
the  presence  of  free  lime.  In  good  Portland  cements  this  rise 
in  temperature  is  very  slight,  but  is  often  sufficient  to  be  felt 
by  placing  the  hand  on  the  briquet.  In  light  burned  natural 
cements  there  is  often  an  appreciable  rise  in  the  temperature. 
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Setting  of  cement 

By  the  setting  of  cement  is  meant  the  change  that  takes  place 
from  a  soft  mass  to  a  hard  brittle  solid.  This  change,  while  vary- 
ing in  different  cements,  is  on  the  whole  a  very  rapid  one  at  first, 
and  then  proceeds  more  slowly.  It  is  always  accompanied  by 
the  evolution  of  heat.  The  change  which  takes  place  is  that  in 
the  burning  of  the  cement  an  anhydrous  silicate  of  aluminum 
and  lime  is  formed  which  is  soluble  in  water.  On  solution  tak- 
ing place  the  material  at  once  changes  to  a  hydrate  which  is  in- 
soluble and  consequently  crystallizes  out>  this  crystallizing  action 
causing  the  hardening. 

A  number  of  different  ideas  are  held  on  this  point,  and  the 
problem  is  a  very  complex  one,  which  has  as  yet  been  only  par- 
tially solved.  Fremy  considers  that  the  formation  of  an  alumi- 
nate  of  lime  is  responsible  for  the  hardening  property,  and  he 
also  considers  that  the  silica  and  alumina  of  the  clay  are  sepa- 
rated by  calcining  and  take  on  allotropic  forms  ready  to  unite 
into  new  compounds  with  the  quicklime  when  the  water  is  added. 
The  work  of  S.  B.  itfewberry  in  this  line  is  of  the  highest  im- 
portance, and  has  already  been  referred  to  (p.  697-99). 

Tlie  set  of  the  cement  is  determined  by  what  is  known  as  the 
needle  test.  Gen.  Gilmore  was  one  of  the  first  to  use  this  test 
in  this  country.  It  consists  in  determination  of  the  penetration 
of  a  needle  of  wire  of  Icnown  cross-section  and  of  given  weight. 
The  needle  used  by  Gilmore  as  described  by  him  was  slightly 
conical,  tapering  toward  the  point,  and  truncated  at  right  angles 
to  the  axis  so  as  to  give  a  diameter  at  the  lower  end  of  yV  of  an 
inch.  It  protrudes  from  a  socket  at  the  lower  end  of  a  spindle 
or  vertical  rod,  to  which  it  is  firmly  secured  by  means  of  a  thumb- 
screw. To  the  upper  extreniity  of  the  spindle  is  attached  a 
diagonal  scale  of  steel,  accurately  graduated  to  tenths,  hun- 
dredths, and  thousandths,  of  an  inch,  and  provided  with  a  hori- 
zontal iudex  firmly  fixed  to  the  framework  of  the  instrument 
The  absolute  penetration  of  the  needle  is  obtaiued  by  taking  the 
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diflFerence  of  the  readings  on  the  index  before  and  after  the  im- 
pact. The  falling  body  is  a  hollow  metal  cylinder,  weighing  1 
pound,  of  which  the  exterior  diameter  is  about  equal  to  the  length. 
This  cylinder  in  its  descent  passes  freely  over  the  spindle  and 
strikes  on  the  shoulder  attached  just  above  the  screw. 

Another  device  used  by  Gen.  Gilmore  was  a  ^  inch  wire  with 
s.  flat  end,  and  loaded  with  i  of  a  pound,  and  a  ^  inch  wire  also 
loaded  with  1  pound.  These  were  used  on  cakes  of  neat  cement, 
2  or  3  inches  in  diameter,  ^  inch  thick  at  the  center,  and  ^  at  the 
€dges.  One  cake  was  left  in  the  air  and  one  in  the  water.  The 
time  at  which  the  loaded  wire  ceased  to  penetrate  the  pat  was 
noted. 

In  England  those  Portland  cements  are  called  quick  setting 
•which  will  bear  the  -j^  inch  needle  loaded  vnih  4  ounces  in  10 
minutes  after  mixing  with  water,  and  to  be  slow  setting  if  they 
require  30  minutes  or  more,  up  to  5  hours.  If  they  will  not 
bear  the  weight  of  the  needle  after  this  period,  the  cement  is 
rejected. 

Still  another  test  is  that  with  Vicat's  needle.  The  needle  has 
a  cross-section  of  1  millimeter  and  bears  a  weight  of  lOj  ounces. 
The  depth  to  which  the  needle  penetrates  the  cement  is  read  off 
on  a  scale. 

A  quick  setting  cement  may  begin  within  a  few  minutes  after 
wetting,  while  a  slow  setting  one  may  not  begin  till  24  hours 
after  it  has  been  wet,  though,  when  once  begun,  the  setting  usu- 
ally goes  on  rapidly. 

Setting  is  always  accompanied  by  a  slight  rise  in  temperature, 
which  continues  while  the  setting  is  going  on.  The  rise  in  tem- 
perature is  less  in  slow  setting  cements.  As  the  setting  of  cement 
is  also  influenced  by  the  temperature  of  the  air  and  water,  it  is 
recommended  by  Gary  that,  in  order  to  obtain  comparable  re- 
sults, the  tests  should  be  made  at  a  mean  temperature  of  15°  to 
18°  C." 


>  TraDS.  Am.  soc.  civ.  eng.  80  :  11. 
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Portland  cement  becomes  slow  setting  through  long  storage, 
though  at  first  it  may  gain  in  its  setting  speed  if  kept  in  a  dry 
place  free  from  drafts. 

Jameson  also  states  that  some  cement,  when  taken  from  the 
mill  and  gaged  with  water,  is  found  to  be  moderately  slow  setting, 
but  after  24  to  30  hours  will  set  almost  before  it  can  be  mixed. 
Store  it  in  a  cool,  dry  place  and  in  a  few  days  it  will  become  slow 
setting. 

The  speed  of  setting  usually  decreases  with  the  age  of  tho 
cement,  provided  it  has  been  stored  in  a  dry  place.  Some  con- 
sider that  slow  setting  is  due  to  free  lime,  but  other  factors  also 
enter  into  the  problem,  such  as  the  underburning  or  overburning 
of  the  cement,  the  underburned  setting  quicker.  A  vitrified 
cement  will  never  set. 

Boiling  test 
This  is  the  one  that  has  been  recommended  as  the  best  for 
(Jv^tennining  the  soundness  of  a  cement.  At  the  fifth  interna- 
tional convention  for  unifying  methods  for  testing  construction 
materials,  held  in  Zurich  in  September  1895,  the  rules  for  con- 
ducting this  test  were  laid  down  as  follows. 

1  The  rapidity  test  of  hydraulic  cements  for  constancy  of  vol- 
ume consists  in  the  application  of  warm  baths  at  temperatures 
of  from  50^  to  100°  C. 

2  Manner  of  making  test  pieces.  Enough  water  is  used  to 
bring  the  neat  cement  after  proper  working  into  a  plastic  state. 
Two  balls  from  1.5-2  inches  diameter  are  formed  bv  hand  and 
kept  in  moist  air  resting  on  some  non-absorbent  material.  (Sand 
mixtures  are  not  subjected  to  this  test,  neither  are  briquets  that 
are  to  be  tested  for  tensile  strength.)  The  emplo>inent  of  ten- 
sion briquets  and  cylindric  disks  from  2  to  4  inches  in  diameter, 
from  i  to  li  inches  thick,  is  likewise  permitted. 

3  Duration  of  previous  hardening.  Till  set  has  taken  place, 
test  pieces  must  be  kept  in  moist  air.  Portland,  slag,  pozzuolana, 
and  Ttonum  cement  will  be  kept  uniformly  thus  for  24  hours, 
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very  slow  Betting  cements  for  48  hours.  Hydraulic  limes  and 
all  cements  that  have  not  set  after  48  hours  will  be  allowed  72 
hours  for  previous  hardening. 

4  Treatment  in  the  water  bath.  The  previously  hardened  test 
samples  are  placed  in  a  water  bath  at  the  ordinary  temperature, 
which  is  then  gradually  —  in  not  less  than  30  minutes  —  heated 
to  the  prescribed  temperature  and  kept  there.  After  three  hours 
at  this  temperature  the  test  is  interrupted,  the  test  pieces  are 
taken  out  of  the  bath,  and,  after  having  cooled  sufficiently,  ex- 
amined as  to  their  condition.  They  must  not  be  chilled  suddenly 
by  means  of  cold  water. 

For  each  warm  bath  test  the  water  must  be  renewed.  The 
temperature  of  the  bath  will  be:  for  Roman  cements  and  hy- 
draulic limes,  50°  C.  Portland,  slag  and  pozzuolana  cements, 
100°  C. 

5  In  order  to  be  considerecl  of  absolutely  constant  volume, 
the  sample  must,  during  the  test,  remain  perfectly  sound  and 
entirely  free  from  cracks  and  warping.  If  the  ball  cracks  slightly 
in  this  test  or  disintegrates  somewhat,  it  should  be  considered  at 
least  as  doubtful,  though  it  might  not  fail  in  actual  practice. 

This  test  is  not  good  for  natural  cements,  as  they  will  not 
stand  it  in  most  cases. 

Abrasion  test 

This  is  sometimes  applied  to  neat  cement  and  also  to  mixtures 
of  cement  and  sand  when  tliey  are  to  be  used  for  flooring.  It 
depends  on  hardness  of  cement  itself  and  also  on  its  cementing 
qualities. 

Jameson  states  that  the  grinding  machines  are  of  two  kinds. 
A  Berlin  form  is  a  cast  iron  disk  that  rotates  22  times  a  minute. 
The  cube  after  seven  days'  immersion  and  drying  is  held  on  the 
disk  with  a  clamp  weighted  to  5G  pounds.  308  grains  of  Napus 
quartz  is  put  on  the  plate  at  the  start  and  at  the  end  of  the  15th 
revolution.  After  30  revolutions  the  cube  is  weighed  and  the 
loss  noted.     Jameson  uses  a  cube  3  inches  on  edge,  and  a  coarse 
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emery  wheel  4  inches  in  width  and  15  inches  diameter.  The 
wheel  is  set  vertically  and  given  100  revolutions  a  minute.  The 
cube  was  loaded  with  a  weight  of  10  pounds  at  the  end  of  a  lever 
3  feet  long,  and  subjected  to  200  revolutions. 

The  following  figures  given  by  Gary^  show  the  loss  by  abra- 
sion which  some  cements  suffer. 

Loss  of  weight  by  abrasion 
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No.  1  a  Holstein  brand  of  cement ;  8, 8, 6  Silesian  cement ;  4, 6  pozzuolana  cement. 

All  of  these  cements  are  said  to  fulfil  the  Prussian  regula- 
tions. They  have  a  tensile  strength  after  28  days,  when  mixed 
1-3,  of  over  230  pounds  per  square  inch,  and  a  compressive 
strength  of  more  than  2300  pounds  per  square  inch.  A  sieve 
of  900  meshes  rejects  less  than  10^.    They  are  of  constant  volume. 

The  specimens  were  tested  by  pressing  them  with  a  load  of 
56  pounds  against  a  cast  iron  disk,  rotating  at  the  rate  of  about 
22  revolutions  a  minute.  20  grams  of  Napus  quartz,  no.  3,  were 
put  on  plate  at  start,  and  a  similar;  quantity  at  the  end  of  every 
15th  turn. 

The  body  is  weighed  when  starting  and  again  at  the  end  of 
the  30th  revolution. 


1  Trans.  Am.  boc.  civ.  eng,  80: 40. 
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Adhesion 

This  test  is  usually  applied  by  taking  two  pieces  o£  glass  4x8 
inches  and  1  or  li  inches  thick.  Mix  the  mortar  and  place  it 
between  them,  with  the  slabs  at  right  angles,  and  press  the  mortar 
out  into  a  layer  i  inch  thick.  The  sample  is  allowed  to  stand 
24  hours  under  a  damp  cloth,  and  then  immersed  in  water.  They 
are  pulled  apart  at  end  of  7  or  28  days.  Better  results  are  often 
obtained  by  the  use  of  brick  and  stone  instead  of  glass. 

Permanency  of  volume 

Good  cements  should  not  expand  or  shrink  appreciably  in  set- 
ting. If  there  has  been  any  appreciable  flaw  in  the  manufacture 
of  the  cement,  it  will  tend  to  expand  or  shrink,  and  disintegrate. 
This  expansion  is  known  as  "  blowing.'*  One  of  the  best  meth- 
ods of  testing  the  constancy  of  volume  of  a  cement  is  to  mix  it 
with  a  small  quantity  of  water,  and  press  it  firmly  into  a  straight 
glass  lamp  chinmey.  If  any  expansion  takes  place,  it  will  crack 
the  chimney.  By  the  same  means  shrinkage  can  also  be  deter- 
mined, this  being  done  by  putting  some  colored  liquid  in  the 
chimney  above  the  cement.  If  the  latter  shrinks,  it  will  allow 
the  liquid  to  run  down  the  interior  of  the  tube. 

The  expansion  may  take  place  immediately,  or  not  show  till 
several  days  after  the  cement  has  been  mixed,  depending  on  the 
rapidity  of  setting  of  the  cement. 

Another  convenient  means  of  testing  for  constancy  of  volume 
is  to  mix  the  cement  with  water,  and  make  up  a  few  ounces  of 
it  into  a  pat  3  inches  in  diameter,  ^  inch  thick  at  the  edge  and 
i  inch  at  the  middle.  Place  this  for  24  hours  under  a  damp 
cloth  and  then  in  water.  If  it  shows  no  cracks  at  the  edges  after 
three  days,  it  will  not  be  likely  to  blow. 

Henry  Faija,  in  the  7.  civil  engineers,  states  that  he  uses 
the  following  method  to  hasten  the  test  He  takes  a  vessel 
in  which  water  can  be  maintained  at  a  constant  temperature  of 
110°  or  115°  F,  and  having  a  cover,  under  which  and  above  the 
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water  level  is  a  rack  on  which  the  cement  can  be  placed.  The 
pat  is  made  and  then  put  on  the  rack  for  6  to  8  hours,  after 
which  it  is  put  in  warm  water  from  16  to  18  hours.  If  at  tho 
end  of  that  time  it  is  firm  and  adheres  to  the  glass,  it  can  be  con- 
sidered safe.  If  it  does  disintegrate,  it  may  simply  indicate  that 
the  cement  is  too  fresh.  Cement  is  said  to  blow  very  often  if 
tested  24  hours  after  making. 

In  making  the  pats  it  is  necessary,  specially  in  the  case  of  slow 
setting  cements,  to  protect  them  from  the  sunlight  and  drafts. 
For  this  reason  they  are  covered  with  a  moist  cloth. 

Gary  claims^  that,  according  to  German  experience,  all  tests 
to  determine  blowing  with  the  exception  of  the  German  cake 
method  are  misleading,  and  that  a  swelling  of  cements  (Portland) 
is  really  a  rarity. 

Cements  of  changeable  volume,  he  maintains,  differ  in  other 
properties,  specially  their  tensile  strength,  from  Portland  cement, 
so  that  they  are  easily  recognized.  Some  cements,  however,  such 
as  highly  magnesium  ones,  will,  when  burnt  to  a  clinkered  con- 
dition like  Portland,  refuse  to  swell  when  first  mixed,  and  some- 
times do  not  show  an  increase  in  volume  when  kept  under  water 
till  nearly  a  year  later,  but  they  then  show  the  property  to  a 
marked  degree. 

The  apparatus  used  by  the  Germans  for  determining  change 
in  volume  is  knowTi  as  Bauschingor's  caliper  apparatus,  and  can 
be  made  to  show  the  change  in  volume  that  takes  place  in  a  speci- 
men over  an  extended  jx^riod  of  time  (pi.  26). 

It  enables  one  to  determine  by  direct  measurement  the  changes 
in  length  of  small  parallelepipeds  of  about  100  mm  (4  inches) 
long  and  5  square  cm  (.78  square  inch)  area  with  an  accuracy 
^f  iriir  ^^  UtjVit  of  an  ineli).  The  apparatus  consists  princi- 
pally of  a  stirrup-shaped  caliper,  having  a  fine  micrometer  screw 
on  its  right  arm,  the  left  being  the  support  of  a  sensitive  lever. 
The  shorter  arm  of  the  lever  terminates  in  a  blunt  caliper  point, 
and  is  pressed  against  the  measuring  screw  by  a  spring  attached 

1  Trans.  Am.  soc,  civ.  cn^.  .30:  15. 


Plate  26  To  fXMi  p.nO 


Apptiatv*  tor  determlDlDK  iMnnineacr  of  Tolnm*  ol  pDrtland  emuat 


1 


UME    AND    CEMENT   INDUSTBIE3  Y31 

to  the  long  arm.  The  calipers  are  readily  moved  in  any  direc- 
tion, and  the  micrometer  is  read  in  the  usual  manner.  One  revo- 
lution of  the  screw  equals  .5  mm  ( -j^  of  an  inch),  and  readings 
on  the  head  are  made  at  j^^  ™°^  (ttj^it  of  an  inch).  The  speci- 
men is  placed  on  a  small  platform,  between  the  lever  and  the 
screw.  The  points  of  the  calipers  are  set  on  center  marks  drilled 
into  small  glass  plates  let  into  the  specimens. 

The  width  between  the  caliper  points  is  made  equal  to  95  mm 
(3  J  inches)  in  each  of  these  instruments,  thus  very  much  simpli- 
fying the  computation  for  length.  For  instance,  if  the  screw 
reads  9.56  revolutions,  the  absolute  length  of  the  specimens  is 
9.56  -5-2  +  95  mm  =  99.78  mm.  The  specimens  are  made  in 
small  metal  frames,  just  as  the  standard  specimens  for  tension. 
It  is  necessary,  however,  to  turn  the  molds  over  repeatedly,  and 
treat  both  the  upper  and  under  surfaces  alike.  If  this  is  not 
done,  and  the  upper  surface  becomes  rather  thick  and  smooth, 
which  a  repeated  striking  off  with  the  trowel  wUl  accomplish,  it 
may  easily  happen  that  the  lower  layers  remain  loose  and  porous, 
causing  a  distortion  of  the  specimen,  which  may  lead  to  consid- 
erable errors.  The  positions  for  the  center-mark  plates  are  pro- 
vided for  in  the  forms,  and  these  plates  may,  therefore,  be  ce- 
mented into  place  as  soon  as  the  specimens  are  removed  from 
the  molds.  To  measure  a  specimen  requires  but  a  few  minutes, 
the  apparatus  being  very  easy  to  manipulate. 

In  the  following  table,  F  and  G  are  two  cements  which  were 
tested  for  tensile  strength  in  a  1-3  mortar,  and  showed  but  small 
strength.  It  will  be  noted  that  these  two  inferior  brands  showed 
an  extraordinary  degree  of  shrinkage,  making  them  unfit  for 
decorative  purposes  and  laying  of  face  stones.  This  extraordi- 
nary shrinkage  explains  the  cracks  shown  on  so  many  ornamental 
surfaces,  artificial  stones  and  plates,  which  always  have  either  a 
neat  cement  or  a  mixture  low  in  sand  at  their  surface.  The 
preference  for  a  really  good  brand  of  cement  for  this  purpose  is 
thus  explained.  The  table  furthermore  shows  that  the  commonly 
adopted  theory  regarding  a  uniform  relation  between  expansion 
when  hardening  under  water  and  shrinkage  when  hardening  in 
air  is  erroneous. 
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Fineness 

As  the  quality  of  a  cement  is  improved  by  grinding,  it  is  com- 
mon to  test  the  degree  of  fineness.  Fineness  of  grinding,  while 
it  improves  the  quality  of  the  material,  also  increases  the  cost 
of  manufacture,  up  to  a  point  where  the  increase  in  cost  is  mora 
rapid  than  the  increase  in  quality;  but  grindiog  i^  seldom  carried 
to  this  point. 

The  test  is  to  pass  it  through  a  100  mesh  linear  sieve,  the 
residue  remaining  on  the  sieve  and  also  the  amount  that  passes 
through  being  noted. 

Jameson  states  that  a  cement  which  will  pass  through  a  sieve 
of  025  meshes  per  square  inch  and  only  leave  4-5;^  residue  on  a 
2500  mesli  per  square  inch  sieve  is  fine  enough. 

The  degree  of  fineness  is  of  great  importance,  for  the  setting 
is  due  to  the  chemical  action  that  takes  place  between  the  finest 
particles  of  the  cement.  Johnson  states'  that  "  The  proportion 
of  the  ccincnt  which  passes  a  sieve  of  less  than  about  100  meshes 
to  tho  linear  inch  docs  not  give  any  intelligent  idea  of  the  sig- 
nificant fineness  of  the  grinding.  In  fact,  the  standard  sieve  for 
dctcnnining  the  fineness  now  generally  used  on  the  continent  of 

p.  410. 
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Europe  has  175  meshes  per  linear  inch/*       75^  of  the  cement 
should  pass  through  a  sieve  of  this  fineness. 

Johnson  recommends  that  a  sieve  of  120  meshes  be  used,  and 
that  not  more  than  20;^  of  the  cement  shall  remain  on  it.  Most 
cements  will  pass  through  this. 

Sand  cement.  If  Portland  cement  has  a  certain  amount  of 
sand  ground  up  with  it  to  extreme  fineness,  it  is  found  that  as 
much  sand  can  be  mixed  with  it  to  form  mortar  as  could  have  been 
added  to  the  undiluted  cement.  This  product  is  known  as  sand 
cement,  and  its  manufacture  was  first  begun  in  this  country  in 
1895  by  the  Standard  silica  cement  co.  of  Glens  Falls  (N.  Y.) 
In  Europe  it  was  introduced  some  time  before  this,  and  is  man- 
ufactured there  quite  extensively. 

According  to  Newberry,  "  It  is  claimed  by  the  manufacturers 
that  the  sand  cement  supplied  by  them  gives  only  5;^  residue  on  a 
180  mesh  sieve,  and  that  GOOO  barrels  of  this  cement  were  used 
in  the  concrete  foundations  of  St  John's  cathedral  at  New  York. 
A  description  of  the  industry  has  been  published  in  the  Engineer- 
ing  news,  Ap.  16,  180G,  page  252.  This  paper  gives  the  follow- 
ing comparative  tests  of  sand  cement  1-1,  and  Portland  cement, 
each  with  three  parts  of  ordinary  sand. 

Pounds  to  1  square  Inch 
7  days  14  days        88  days 

Sand  cement  1-1,  and  3  parts  sand 156         188         200 

Portland  cement  and  3  parts  sand 137         170         179 

"An  extensive  series  of  tests  has  also  been  published  by  Wallin 
(Thonindusirie  zeitung,  1896,  p.  18)  who  concludes  that  the  high- 
est economy  is  obtained  by  grinding  three  parts  of  sand  with  one 
of  cement.''     Mr  Newberry  says: 

The  good  results  given  by  sand  cement  are  easily  explainable, 
for  it  is  wholly  a  question  of  filling  up  the  voids  in  the  sand. 
These  voids  in  ordinary  building  sand  amount  to  about  one  third 
of  the  total  volume;  therefore,  if  more  than  tliroo  volnnios  of 
sand  be  mixed  with  one  of  cement,  the  voids  will  not  be  wholly 
filled.     By  grinding  a  part  of  the  sand  to  great  fineness  the  pro- 
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portion  of  voids  may  be  greatly  reduced,  and  a  mixture  of  one 
cement  to  six  of  sand  may  thus  be  made  as  effective  as  a  one  to 
three  mixture  with  ordinary  sand.  It  is  evident  that  very  many 
careful  tests  will  have  to  be  made  to  determine  the  precise  pro- 
portions of  cement  and  sand  which  will  give  a  sand  cement  of 
the  best  efficiency.  There  can  be  little  doubt  however  that  the 
introduction  of  this  new  product  will  tend  to  increase  the  con- 
sumption of  Portland  cement,  since  it  will  make  it  possible  to  use 
Portland  for  common  purposes  at  no  greater  cost  than  cheap 
hydraulic  cement,  and  at  the  same  time  to  obtain  greatly  superior 
results. 

Specifications  for  Portland  cement 

In  most  countries  where   the  Portland  cement  industry  has 

assumed    considerable    importance,  the  en^neering  societies  of 

those  coimtries  have  adopted  a  series  of  specifications  to  govern 

the  quality  of  Portland  cement.     The  following  abstracts  of  the 

American,  German,  and  French  specifications  are  quoted  from 

Jameson.* 

The  testing  of  cement  is  not  so  simple  a  process  as  it  is  some- 
times thought  to  be.  No  small  degree  of  experience  is  necessary 
before  one  can  manipulate  the  materials  so  as  to  obtain  even 
approximately  accurate  results. 

The  first  tests  of  inexperienced,  though  intelligent  and  careful, 
persons,  are  usually  contradictory  and  inaccurate,  and  no  amount 
of  experience  can  eliminate  the  variations  introduced  by  the  per- 
sonal equations  of  the  most  conscientious  observers.  Many 
things,  apparently  of  minor  importance,  exert  such  a  marked  in- 
fluence on  the  results  that  it  is  only  by  the  greatest  care  in  every 
particular,  aided  by  experience  and  intelligence,  that  trustworthy 
tests  can  be  made. 

The  test  for  tensile  strength  on  a  sectional  area  of  1  square 
inch  is  recommended,  because,  all  things  considered,  it  seems  best 
for  general  use.  For  the  small  briquet  there  is  less  danger  of 
air  bubbles,  the  amount  of  material  to  be  handled  is  smaller,  and 
the  machine  for  breaking  may  be  lighter  and  less  costly. 

The  tensile  test,  if  properly  made,  is  a  good,  though  not  a  per- 
fect indication  of  the  value  of  a  cement.  The  time  requisite  for 
making  this  test,  whether  applied  to  cither  the  natural  or  the 

1  Jameson.    Portland  cement,  p.  68. 
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Portland  cements,  is  considerable  (at  least  seven  days,  if  a  reason- 
ably reliable  indication  is  to  be  obtained),  and,  as  work  is  usually 
carried  on,  is  frequently  impracticable.  For  this  reason,  short 
time  tests  are  allowable  in  cases  of  necessity,  though  the  most 
that  can  be  done  in  such  testing  is  to  determine  if  the  brand  of 
cement  is  of  its  average  quality.  It  is  believed,  however,  that 
if  a  neat  cement  stands  one  day  tensile  test,  and  the  tests  for 
checking  and  fineness,  its  safety  for  use  will  be  suflSciently  indi- 
cated in  the  case  of  a  brand  of  good  reputation;  for,  it  being 
proved  to  be  of  average  quality,  it  is  fair  to  suppose  that  its  sub- 
sequent condition  will  be  what  former  experiments,  to  which 
it  owes  its  reputation,  indicate  that  it  should  be.  It  can  not  be 
said  that  a  new  and  untried  cement  will  by  the  same  tests  be 
proved  to  be  satisfactory;  only  a  series  of  tests  for  a  considerable 
period,  and  with  a  full  dose  of  sand,  will  show  the  full  value  of 
any  cement;  and  it  would  be  safer  to  use  a  trustworthy  brand 
without  applying  any  tests  whatever  than  to  accept  a  new  article 
which  had  been  tested  only  as  neat  cement  and  for  but  one  day 
only. 

The  test  for  compressive  strength  is  a  very  valuable  one  in 
point  of  fact,  but  the  appliances  for  crushing  are  usually  some- 
what cumbersome  and  expensive,  so  much  so  that  it  seems  un- 
desirable that  both  tests  should  be  embodied  in  a  uniform  method 
proposed  for  general  adoption.  Where  great  interests  are  at 
stake,  however,  and  large  contracts  for  cement  depend  on  the 
decision  of  an  engineer  as  to  quality,  both  tests  should  be  used 
if  the  requisite  appliances  for  making  them  are  within  reach. 
After  the  tensile  strength  has  been  obtained,  the  ends  of  the 
broken  briquets,  reduced  to  one  inch  cubes  by  grinding  and  rub- 
bing, should  be  used  to  obtain  the  compressive  strength.  The 
adhesive  test,  being  in  a  large  measure  variable  and  uncertain 
and  therefore  untrustworthv,  is  not  recommended. 

The  strength  of  a  cement  depends  greatly  upon  the  fineness  to 
which  it  is  ground,  especially  when  mixed  with  a  large  dose  of 
sand.  It  is,  therefore,  recommended  that  the  tests  be  made  with 
cement  that  has  passed  through  a  no.  100  sieve  (10,000  meshes 
to  the  square  inch)  made  of  no.  40  wire.  Stub's  wire  gage.  The 
results  thus  obtained  will  indicate  the  grade  which  the  cement 
can  attain,  under  the  condition  that  it  is  finely  ground,  but  it 
does  not  show  whether  or  not  a  given  cement  offered  for  sale 
shall  be  accepted  and  used.     The  determination  of  this  question 
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requires  that  the  tests  should  also  be  applied  to  the  cement  as 
found  in  the  market.  Its  quality  may  be  so  high  that  it  will 
stand  the  tests  even  if  very  coarse  and  granular,  and,  on  the 
other  hand,  it  may  be  so  low  that  no  amount  of  pulverization 
can  redeem  it.  In  other  words,  fineness  is  no  sure  indication  of 
the  value  of  the  cement,  altliough  all  cements  are  improved  by 
fine  grinding.  Cement  of  the  better  grades  is  now  usually  ground 
so  fine  that  only  from  5^  to  10^  is  rejected  by  a  sieve  of  2500 
meshes  per  square  inch,  and  it  has  been  made  so  fine  that  only 
from  3^  to  10^  is  rejected  by  a  sieve  of  32,000  meshes  per  square 
inch.  The  finer  the  cement,  if  otherwise  good,  the  larger  the 
dose  of  sand  it  will  take,  and  the  greater  its  value. 

CHECKING  OB  CRACKING 

The  test  for  checking  or  cracking  is  an  important  one,  and, 
though  simple,  should  never  be  omitted.  It  is  as  follows:  make 
two  cakes  of  neat  cement,  2  or  3  inches  in  diameter,  about  i  inch 
thick,  with  thin  edges.  Note  the  time  in  minutes  that  these 
cakes,  when  mixed  w4th  wafer  to  the  consistency  of  a  stiff  plastic 
mortar,  take  to  set  hard  enough  to  stand  the  \vire  test  recom- 
mended by  Gen.  Gilmore,  iV  inch  diameter  wire  loaded  with  i 
of  a  pound,  and  Vr  iiich  loaded  with  1  pound.  One  of  these  cakes, 
when  hard  enough,  should  be  put  in  water  and  examined  from 
day  to  day  to  see  if  it  becomes  contorted,  or  if  cracks  show  them- 
selves at  the  edges,  such  contortions  or  cracks  indicating  that 
the  cement  is  unfit  for  use  at  that  time.  In  soiae  cases  the 
tendency  to  crack,  if  caused  by  the  presence  of  too  much  unslaked 
lime,  will  disappear  with  age.  The  remaining  cake  should  be 
kept  in  tlie  air  and  its  color  observed,  which,  for  a  good  cement, 
sliould  be  uniform;  the  Portland  cements  being  of  a  bluish  gray 
tliroughout,  yellowish  blotches  indicating  poor  quality;  and  the 
natural  cements  being  light  or  dark,  according  to  the  character 
of  the  rock  of  which  thev  are  made.  The  color  of  the  cements 
when  left  in  the  air  indicates  the  quality  much  better  than  when 
they  are  put  in  water. 

TESTS  RECOMMENDED 

It  is  recommended  that  tests  for  hydraulic  cement  be  confined 
to  methods  for  determining  fineness,  liability  to  checking  or  crack- 
ing, and  tensile  stronirtli;  and  for  the  latter,  for  tests  of  seven 
days  and  upward,  that  a  mixture  of  one  part  of  cement  to  one 
part  of  sand  for  natural  cements,  and  three  parts  of  sand  for 
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Portland  cements,  be  used,  in  addition  to  trials  of  the  neat  cement 
The  qualities  used  in  the  mixture  should  be  determined  by  weight. 

The  tests  should  be  applied  to  the  cements  as  offered  for  sale. 
If  satisfactory  results  are  obtained  with  a  full  dose  of  sand,  the 
trials  need  go  no  further.  If  not^  the  coarser  particles  should 
first  be  excluded  by  using  a  no.  100  sieve  in  order  to  determine 
approximately,  the  grade  the  cement  would  take  if  ground  fine; 
for  fineness  is  always  attainable,  while  inherent  merit  may  not  be. 

The  following  table,  showing  the  average  minimum  and  maxi- 
mum tensile  strength  per  square  inch  which  good  cements  have 
attained  when  tested  under  the  conditions  specified  elsewhere  in 
the  report,  has  been  prepared  by  the  committee.  Within  the 
limits  given  in  the  following  table  the  value  of  a  cement  varies 
closely  with  the  tensile  strength  when  tested  with  the  full  dose 
of  sand. 

American  natural  cement,  neat: 

One  day;  one  hour,  or  until  set,  in  air,  the  rest  of  the  24  hours 
in  water,  from  40  to  80  pounds. 

One  week;  one  day  in  air,  six  days  in  water,  from  60  pounds 
to  100. 

One  month  (28  days);  one  day  in  air,  27  days  in  water,  from 
100  pounds  to  150  pounds. 

One  year;  one  day  in  air,  the  remainder  in  water,  from  300 
pounds  to  400  pounds. 

American  and  foreign  Portland  cements,  neat: 

One  day;  one  hour,  or  until  set,  in  air,  the  rest  of  the  24  hours 
in  water,  from  100  to  140  pounds. 

One  week;  one  day  in  air,  six  days  in  water,  from  250  to  550 
pounds. 

One  month  (28  days);  one  day  in  air,  27  days  in  water,  from 
350  to  700  pounds. 

One  year;  one  day  in  air,  the  remainder  in  water,  from  450 
to  800. 

American  natural  cements,  one  part  of  cement  to  one  part  of  sand: 
One  week;  one  day  in  air,  six  days  in  water,  from  30  pounds 

to  60. 

One  month  (28  days);  one  day  in  air,  27  days  in  water,  from 

50  to  80  pounds. 

One  year;  one  day  in  air,  the  remainder  in  water,  from  200 

to  300. 
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American  and  foreign  Portland  cements,  one  part  of  cement  to 
three  parts  of  sand: 

One  week;  one  day  in  air,  six  days  in  water,  from  80  to  125 
pounds. 

One  month  (28  days);  one  day  in  air,  27  days  in  water,  from 
100  to  200  pounds. 

One  year;  one  day  in  air,  the  remainder  in  water,  from  200 
pounds  to  350  pounds. 

Standards  of  minimum  fineness  and  tensile  strength  for  Port- 
land cement,  as  given  below,  have  been  adopted  in  some  foreign 
countries.  In  Germany,  by  Berlin  society  of  architects.  Society 
of  manufacturers  of  bricks,  lime  and  cement,  Society  of  con- 
tractors, and  Society  of  German  cement-makers. 

Standard  of  1877.  Fineness,  not  more  than  25j^  to  be  left 
on  sieve  of  5806  meshes  per  square  inch. 

Tensile  strength,  1  part  cement,  3  parts  sand,  1  day  in  air,  27 
days  in  water,  113.78  pounds  per  square  inch. 

Standard  of  1878.  Fineness,  not  more  than  20^  to  be  left  on. 
the  sieve,  as  above. 

Tensile  strength,  same  mixture  and  time  as  above,  142.23^ 
pounds  per  square  inch. 

In  Austria,  by  Austrian  association  of  engineers  and  architects. 

Standard  of  187S.     Fineness  same  as  German  of  1878. 

Tensile  strength,  same  mLxtiire  as  above,  7  days,  1  day  in  air, 
six  days  in  water,  113.78  pounds  per  square  inch. 

28  days,  1  day  in  air,  27  days  in  water,  170.68  pounds  per 
square  inch. 

In  Austria  a  standard  for  the  minimum  fineness  and  tensile 
strength  of  Roman  cement  was  established  and  generally  ac- 
cepted, as  follows. 

Standard  of  1878.    Fineness,  same  as  Portland. 

Tensile  strength  (1  part  of  cement,  3  parts  of  sand)  for: 

Quick  setting  (taking  15  minutes  or  less  to  set): 

Seven  days,  1  day  in  air,  six  days  in  water,  23  pounds  per 
square  inch. 

28  days,  1  day  in  air,  27  days  in  water,  56.9  pounds  per  squaro 
inch. 

Slow  setting  cement  (taking  more  than  15  minutes  to  set): 

Seven  days,  one  day  in  air,  six  days  in  water,  42.6  pounds  per 
square  inch. 
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28  days,  one  day  in  air,  27  days  in  water,  85.3  pounds  per 
square  inch. 

The  Roman  cements  correspond  to  those  classified  in  this  re- 
port under  the  head  of  natural  cements. 

Standards  have  been  adopted  also  in  Sweden  and  Russia. 

MIXING,  ETC. 

The  proportions  of  cement,  sand  and  water  should  be  care- 
fully determined,  by  weight,  the  sand  and  cement  mixed  dry,  and 
the  water  all  added  at  once.  The  mixing  must  be  rapid  and 
thorough,  and  the  mortar,  which  should  be  stiff  and  plastic, 
should  be  firmly  pressed  with  a  trowel,  without  ramming,  and 
struck  off  level;  the  molds  in  each  instance,  while  being  charged 
and  manipulated,  to  be  laid  directly  on  glass,  slate,  or  some  other 
non-absorbent  material.  The  molding  must  be  completed  before 
incipient  setting  begins.  As  soon  as  the  briquets  are  hard  enough 
to  bear  it,  they  should  be  taken  from  the  molds  and  kept  covered 
with  a  damp  cloth  until  they  are  immersed.  For  the  sake  of 
imifonnity,  the  briquets,  both  of  neat  cement  and  those  con- 
taining sand,  should  be  immersed  in  water  at  the  end  of  24  hours, 
except  in  the  case  of  the  one  day  tests. 

Ordinary,  fresh,  clean  water,  having  a  temperature  between 
60  and  70°  F,  should  be  used  for  water  of  mixture  and  immer- 
sion of  samples. 

The  proportion  of  water  required  varies  with  the  fineness,  age, 
or  other  conditions  of  the  cement,  and  the  temperature  of  the 
air,  but  is  approximately  as  follows:  for  briquets  of  neat  cement, 
Portland,  about  25;^;  natural,  about  30,*^.  For  briquets  of  one 
part  cement,  one  part  sand,  about  15^  of  total  weight  of  sand 
and  cement.  For  briquets  of  one  part  cement,  three  parts  sand, 
about  12/^  of  total  weight  of  sand  and  cement.  The  object  is  to 
produce  the  plasticity  of  rather  stiff  plasterer's  mortar. 

An  average  of  five  briquets  may  be  made  for  each  test,  only 
those  breaking  at  the  smallest  section  to  be  taken.  The  briquets 
should  always  be  put  in  the  testing  machine  and  broken  imme- 
diately after  being  taken  out  of  the  water,  and  the  temperature 
of  the  briquets  and  of  the  testing-room  should  be  constant  be- 
tween GO  and  70°  F. 

The  stress  should  be  applied  to  each  briquet  at  a  uniform  rate 
of  about  400  pounds  per  minute,  starting  each  time  at  0.  With 
a  weak  mixture  one  half  the  speed  is  recommended. 
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WEIGHT 

The  relation  of  the  weight  of  cement  to  its  tensile  strength  is 
an  uncertain  one.  In  practical  work,  if  used  alone,  it  is  of  little 
value  as  a  test,  while  in  connection  with  the  other  tests  recom- 
mended it  is  unnecessary,  except  when  the  relative  bulk  of  equal 
weights  of  cements  is  desired. 

We  recommend  that  the  cubic  foot  be  substituted  for  the  bushel 
as  the  standard  unit^  whenever  it  is  thought  best  to  use  this  test. 

BETTING 

The  rapidity  with  which  a  cement  sets  or  loses  its  plasticity 
furnishes  no  indication  of  its  idtimate  strength.  It  simply  shows 
its  initial  hydraulic  activity. 

For  purposes  of  nomenclature,  the  various  cements  may  bo 
divided  arbitrarily  into  two  classes,  namely ;  quick  setting,  or  those 
that  set  in  less  than  one  half  hour;  and  slow  setting,  or  those 
requiring  one  half  an  hour  or  more  to  set.  The  cement  must 
be  adapted  to  the  work  required,  as  no  one  cement  is  equally 
good  for  all  purposes.  For  submarine  work  a  quick  setting  ce- 
ment is  often  imperatively  demanded,  and  no  other  will  answer, 
while  for  work  above  the  water  line  less  hydraulic  activity  will 
usually  be  preferred.  Each  individual  case  demands  special  treat- 
ment. The  slow  setting  natural  cements  should  not  become  warm 
while  setting,  but  the  quick  setting  ones  may,  to  a  moderate  ex- 
tent, within  the  degree  producing  cracks.  Cracks  in  Portland 
cement  indicate  too  much  carbonate  of  lime,  and  in  the  Vicat 
cements  too  much  lime  in  the  original  mixture. 

SAMPLINQ 

There  is  no  uniformity  of  practice  among  engineers  as  to  the 
sampling  of  the  cement  to  be  tested,  some  testing  every  tenth 
barrel,  others  every  fifth,  and  others  still  every  barrel  delivered. 
Usually,  where  cement  has  a  good  reputation,  and  is  used  in  large 
masses,  such  as  concrete  in  heavy  foundations  or  in  the  backing 
or  hearting  of  thick  walls,  the  testing  of  every  fifth  barrel  seems 
to  be  sufficient;  but  in  very  important  work,  where  the  strength 
of  each  barrel  may  in  a  great  measure  determine  the  strength  of 
that  portion  of  the  work  where  it  is  used,  or  in  the  thin  walls  of 
sewers,  etc.,  every  barrel  should  be  tested,  one  briquet  being 
made  from  it.  C 

In  selecting  cement  for  experimental  purposes,  take  the  samples 
from  the  interior  of  the  original  packages,  at  sufficient  depth  to 
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insure  a  fair  exponent  of  the  quality,  and  store  the  same  in  tightly 
closed  receptacles  impervious  to  light  or  dampness  until  required 
for  manipulation,  when  each  sample  of  cement  should  be  so  thor- 
oughly mixed,  by  sifting  or  otherwise,  that  it  shall  be  uniform 
in  character  throughout  the  mass. 

SIEVES 

For  ascertaining  the  fineness  of  the  cement,  it  will  be  con- 
venient to  use  three  sieves,  viz: 

Ko.  60  (2500  meshes  to  the  square  inch),  wire  to  be  no.  35 
Stub's  wire  gage. 

Kb.  74  (5476  meshes  to  the  square  inch),  wire  to  be  of  no.  37 
Stub's  wire  gage. 

No.  100  (10,000  meshes  to  the  square  inch),  wire  to  be  of  no, 
40  Stub's  wire  gage. 

The  object  is  to  determine  by  weight  the  percentage  of  each 
sample  that  is  rejected  by  these  sieves,  with  a  view  not  only  of 
furnishing  the  means  of  comparison  between  tests  made  of  dif- 
ferent cements  by  different  observers,  but  indicating  to  the 
manufacturer  the  capacity  of  his  cement  for  improvement  in  a 
direction  always  and  easily  within  his  reach.  Tests  for  strength 
should  be  applied  to  the  cement  as  offered  in  the  market,  as  well 
as  to  that  portion  of  it  which  passes  the  no.  100  sieve. 

For  sand,  two  sieves  are  recommended,  viz: 

No.  20  (400  meshes  to  the  square  inch),  wire  to  be  of  no.  28 
Stub's  wire  gage. 

No.  30  (900  meshes  to  the  square  inch),  wire  to  be  of  no.  31 
Stub's  wire  gage. 

These  sieves  can  be  furnished  in  sets,  as  follows,  an  arrange- 
ment having  been  made  with  a  manufacturer  of  such  articles,  by 
which  he  agrees  to  furnish  them  of  the  best  quality  of  brass  wire 
cloth,  set  in  metal  frames,  the  cloth  to  be  as  true  to  count  as  it 
is  possible  to  make  it,  and  the  wire  to  be  of  the  required  gage. 
Each  set  will  be  inclosed  in  a  box,  the  sieves  being  nested. 

Set  A,  three  cement  sieves,  to  cost  $4.80: 
No.  100  7     inch  diameter 

No.     74  6J 

No.     60  6 

Set  B,  two  sand  sieves,  to  cost  $4:  '' 

No.  30  8     inch  diameter 

No.  20  7i 
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8TANDABD  SAND 

The  question  of  a  standard  sand  seems  one  of  great  importance, 
for  it  has  been  found  that  sands  looking  alike  and  sifted  through 
the  same  sieves  give  results  varying  within  rather  wide  limits. 

The  material  that  seems  likely  to  give  the  best  results  is  the 
crushed  quartz  used  in  the  manufacture  of  sandpaper.  It  is  a 
commercial  product,  made  in  large  quantities  and  of  standard 
grades,  and  can  be  furnished  of  a  fairly  uniform  quality.  It  is 
clean  and  sharp,  and,  although  the  present  price  is  somewhat 
excessive  (3  cents  per  pound),  it  is  believed  that  it  can  be  fur- 
nished in  quantity  for  about  $5  per  barrel  of  300  pounds.  As 
it  would  be  used  for  tests  only,  for  purposes  of  comparison  with 
local  sands,  and  with  tests  of  different  cements,  not  much  of  it 
would  be  required.  The  price  of  the  German  standard  sand  is 
about  $1.25  per  112  pounds,  but  the  article,  being  washed  river 
sand,  is  probably  inferior  to  crushed  quartz.  Crushed  granite 
can  be  furnished  at  a  somewhat  less  rate  than  quartz,  and  crushed 
trap  for  about  the  same  as  granite,  but  no  satisfactory  estimate 
has  been  obtained  for  either  of  these.  The  use  of  crushed  quartz 
is  recommended  by  your  committee,  the  degree  of  fineness  to  be 
such  that  it  will  all  pass  a  no.  20  sieve  and  be  caught  on  a  no.  30 
sieve.  Of  the  regular  grade,  from  16^  to  37^  of  crushed  quartz, 
no.  3  passes  a  no.  30  sieve,  and  none  of  it  passes  a  no.  50  sieve. 
As  at  present  furnished,  it  would  need  resifting  to  bring  it  to 
the  standard  size ;  but,  if  there  were  sufficient  demand  to  warrant 
it,  it  could  undoubtedly  be  furnished  of  the  size  of  grain  required 
at  little,  if  any,  extra  expense. 

A  bed  of  uniform,  clean  sand  of  the  proper  size  of  grain  has 
not  been  found,  and  it  is  believed  that  to  wash,  dry,  and  sift  any 
of  the  available  sands  would  so  greatly  increase  its  cost  that  the 
product  would  not  be  much  cheaper  than  the  crushed  quartz,  and 
would  be  much  inferior  to  it  in  sharpness  and  uniform  hardness 
of  particles. 

MOLDS 

The  molds  furnished  are  usually  of  iron  or  brass,  the  price  of 
the  former  being  $2,  and  of  the  latter  $3  each.  Wooden  molds, 
if  well  oiled  to  prevent  their  absorbing  water,  answer  a  good 
purpose  for  temporary  use,  but  speedily  become  unfit  for  accu- 
rate work.  A  cheap,  durable,  accurate,  and  non-corrodible  mold 
is  much  to  be  desired.  Molds  are  made  for  holding  one,  two  or 
more  briquets.     A  common  form  is  showTi  in  pi.  27. 


Plate  27 
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Brmai  mold  for  maklnc  cement  brlqnoU  (Rlohle  Bros.) 
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CIJPS 

For  using  the  clips  recommended  in  the  preliminary  report  it 
was  found  in  some  instances  that  the  specimens  were  broken  at 
one  of  the  points  where  they  were  held.  This  was  undoubtedly 
caused  by  the  insufficient  surface  of  the  clip,  which,  forming  a 
blunt  point,  forced  out  the  material.  Where  the  specimens  were 
sufficiently  soft  to  allow  this  point  to  be  embedded,  they  broke 
at  the  smallest  section,  but,  when  hard  enough  to  resist  such 
embedding,  they  showed  a  wedge-shaped  fracture  at  the  clips. 
To  remedy  this,  the  point  should  be  slightly  flattened,  so  as  to 
allow  of  more  metal  surface  in  contact  with  the  briquet.  Clips 
made  in  this  way  have  been  used,  and  good  results  obtained. 

To  adapt  the  one  inch  clips  of  the  Riehle  machine,  only  a  slight 
amouiit  of  work  is  necessary;  the  ends  being  rounded,  will  admit 
the  proposed  new  form  of  briquet,  and  yet  not  prevent  the  use 
of  the  old  one,  thus  allowing  comparative  tests  of  the  two  forms 
to  be  made  without  changing  the  clips. 

There  should  be  a  strengthening  rib  upon  the  outside  of  the 
clips  to  prevent  them  from  bending  or  breaking  when  the  speci- 
mens are  very  strong. 

The  clips  should  be  hung  on  pivots  so  as  to  avoid  as  much  as 
possible  cross  strain  upon  the  briquets. 

MACHINES 

No  special  machine  has  been  reconmiended,  as  those  in  common 
use  are  of  good  form  for  accurate  work,  if  properly  used,  though 
in  some  cases,  they  are  needlessly  strong  and  expensive.  Machines 
with  spring  balances  are  to  be  avoided  as  more  liable  to  error 
than  others. 

It  is  by  no  means  certain  that  there  exists  any  great  difference 
in  well  made  machines  of  the  standard  forms  given. 

AMOUNT  OF  MATERIAL 

The  amount  of  material  needed  for  making  five  briquets  of 
the  standard  size  recommended  is:  for  the  neat  cements,  about 
one  and  two  thirds  pounds;  and  for  those  with  sand,  in  the  pro- 
portion of  three  parts  of  sand  to  one  of  cement,  about  one  and 
one  quarter  pounds  of  sand  and  six  and  two  thirds  ounces  of 
cement. 

German  specifications  for  standard  Portland   cement  tests 

Definition.  Portland  is  a  product  resulting  from  the  vitrifica- 
tion of  a  thorough  mixture  of  material,  whose  principal  component 
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parts  are  lime  and  alumina,  and  the  grinding  of  the  vitrified 
material  to  a  fine  powder. 

1  Packing  and  weights:  As  a  rule  Portland  cement  is  to  be 
packed  in  standard  barrels  of  180  kilograms  (397  pounds),  gross 
weight,  and  about  170  kilograms  (374  pounds),  net  weight,  and 
in  half  standard  barrels  of  90  kilograms  (198  pounds),  gross 
weight  and  about  83  kilograms  (133  pounds),  net  weight.  The 
gross  weight  is  to  be  marked  on  the  barrels.  If  the  cement  is 
called  for  in  bags  or  barrels  of  other  weight,  the  gross  weight  of 
the  same  must  be  clearly  marked  upon  the  packages.  Losses 
and  variations  in  weight  of  the  single  packages  up  to  2J^  of  the 
same  wall  be  allowed.  Barrels  and  sacks,  in  addition  to  the 
weight  shall  show  in  legible  writing  the  name  and  trade  mark 
of  the  manufacturer. 

2  Time  of  setting:  Slow  or  quick  setting  cement  may  be  called 
for  according  to  the  use  for  which  the  cement  is  to  be  put  Ce- 
ments which  do  not  set  in  less  than  2  hours,  are  to  be  considered 
slow  setting  cements. 

3  Constancy  of  volume :  Portland  cement  shall  be  of  constant 
volume.  A5  a  preliminary  test,  admitting  of  forming  a  rapid 
opinion,  the  heating  test  is  recommended.  The  decisive  test  shall 
be  that  a  paste  of  neat  cement  made  on  a  glass  plate  protected 
against  drying  and  placed  under  water  after  24  hours,  shall  not 
show  after  the  lapse  of  a  longer  period  of  time  any  blowing  cracks, 
or  change  of  shape. 

4  Fineness  of  grinding:  Portland  cement  shall  be  so  finely 
ground  that  a  batch  of  the  same  shall  not  leave  a  residue  of  more 
than  10;^  upon  a  sieve  of  900  racslics  per  square  centimeter  (5806 
meshes  per  square  inch).  The  thickness  of  the  wire  of  the  sieve 
shall  equal  half  the  space  Ix^tween  the  w^res.  For  test  100  grams 
(3i  ounces)  of  cement  shall  be  used. 

5  Tests  of  strength :  The  cohesive  power  of  Portland  cement 
shall  be  detcmiined  by  the  testing  of  a  mixture  of  cement  and 
sand.  The  tests  shall  be  both  tensile  and  compressive,  made 
according  to  a  uniform  method,  \\atli  test  pieces  of  the  same  form 
and  cross-section,  and  with  the  same  apparatus.  At  the  same  time 
a  determination  of  the  strength  of  the  neat  cement  is  to  be  recom- 
mended. 

6  Tensile  and  compressive  strength:  Good  slow  setting  cement, 
in  the  proportion  of  three  parts  by  weight  of  standard  sand  to 
one  part  of  cement  shall  have  when  tested,  after  28  days'  hard- 
ening (one  in  air  and  27  in  water),  a  minimum  tensile  strength 
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of  at  least  16  kilo.  q.  c.  m.  (16  kilograms  per  square  centimeter, 
227  pounds  per  square  inch).  The  compressive  strength  shall 
be  at  least  160  kilo.  q.  c.  m.  (2270  pounds  per  square  inch). 

Cement  which  shows  a  higher  tensile  or  compressive  strength 
in  many  cases  of  a  greater  addition  of  sand,  from  this  point  of 
view,  as  well  as  on  account  of  its  greater  strength  for  the  same 
amount  of  sand,  is  entitled  to  a  correspondingly  higher  price. 

For  slow  setting  cements  the  strength  after  20  days  is  less  in 
general  than  the  one  above  specified,  therefore,  in  giving  the 
results  of  tests,  the  time  of  setting  shall  also  be  given. 

The  tests  shall  be  made  in  the  following  manner. 

To  determine  the  time  of  setting  cement,  a  slow  setting  neat 
cement  shall  be  mixed  three  minutes,  and  a  quick  setting  neat 
cement  shall  be  mixed  one  minute  with  water  to  a  stiflF  paste.  A 
cake  about  1.5  cm  (.59  inch)  thick,  with  thin  edges,  shall  be 
formed  of  this  paste  on  a  plate  of  glass.  The  consistency  of  the 
cement  paste  for  this  cake  shall  be  such  that,  when  brought  vnth 
a  trowel  on  the  plate,  the  paste  will  only  begin  to  run  toward 
the  edges  of  the  same  after  the  paste  has  been  repeatedly  jarred. 
Afl  a  rule  21^  io  30/^  water  will  suffice  to  give  the  necessary  con- 
sistency to  the  paste.  As  soon  as  the  cake  is  sufficiently  hard- 
ened, so  that  it  will  resist  a  slight  pressure  of  the  finger  nail,  the 
cement  is  to  be  considered  as  having  set. 

For  the  exact  determination  of  the  time  of  setting,  and  for 
determining  the  beginning  of  the  time  of  setting,  which  latter  is 
of  importance  in  the  case  of  quick  setting  cements,  since  they 
must  be  worked  up  before  they  begin  to  set,  a  standard  needle 
300  grams  (10  ounces)  in  weight  and  1  square  mm  (.00155 
square  inch)  in  cross-section,  is  used.  A  metal  ring  4  cm  (1.575 
inch)  in  hight  and  8  cm  (3.15  inches)  clear  diameter  (inside)  is 
placed  on  a  glass  plate,  filled  with  cement  paste  of  the  above 
consistency  and  brought  under  the  needle.  The  moment  at  which 
the  needle  is  no  longer  capable  of  completely  penetrating  the 
cement  cakes  is  considered  the  beginning  of  the  time  of  setting. 
The  time  elapsing  between  this  and  the  moment  when  the  stand- 
ard needle  no  longer  leaves  an  appreciable  impression  on  the 
hardened  cake  is  considered  the  time  of  setting. 

For  making  the  heat  test  (3)  a  stiff  paste  of  neat  cement  and 
water  is  made,  and  from  this  cakes  8  cm  (3.15  inches)  to  10  cm 
(3.94  inches)  in  diameter  and  1  cm  (.394  inch)  thick  are  formed 
on  a  smooth,  impermeable  plate,  covered  with  blotting  paper. 
Two  of  these  cakes,  which  are  to  be  protected  against  drying, 
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in  order  to  prevent  drying  cracks,  are  placed,  after  the  lapse  of 
24  hours,  or  at  least  only  after  they  have  set,  with  their  smooth 
surfaces  on  a  metal  plate  and  exposed,  for  at  least  one  hour,  to 
a  temperature  of  from  110°  C  to  120  (230  to  248  F)  until  no 
more  water  escapes.  For  this  purpose  the  drying  closets  in  use 
in  chemical  laboratories  may  be  utilized.  If,  after  this  treatment^ 
the  cakes  show  no  edge  cracks,  the  cement  is  to  be  considered  in 
general  of  constant  voliune.  If  cracks  do  appear,  the  cement  is 
not  to  be  condemned,  but  the  results  of  the  decisive  test  with  the 
cakes  hardening  on  glass  plates  under  water  must  be  waited  for. 
It  must,  however,  be  noticed  that  the  heat  test  does  not  admit 
of  a  final  conclusion  as  to  the  constancy  of  volume  of  those  ce- 
ments which  contain  more  than  3j<  of  calcium  sulfate  (gypsum) 
or  other  sulfur  combinations. 

For  making  the  final  test,  the  cake  made  for  the  purpose  of 
determining  the  time  of  setting,  for  slow  setting  cements,  is 
placed  under  water  after  the  lapse  of  24  hours,  but,  at  all  events, 
not  until  after  it  is  set.  For  quick  setting  cements  this  can  be 
done  after  a  shorter  period.  The  cakes,  especially  those  of  slow 
setting  cement,  must  be  protected  against  drafts  and  sunshine 
until  their  final  setting.  This  is  best  accomplished  by  keeping 
them  in  a  covered  box  lined  with  zinc,  or  under  wet  cloths.  In 
this  manner  the  formation  of  heat  cracks  is  avoided,  which  are 
generally  formed  in  the  center  of  the  cake,  and  may  be  taken  by 
an  inexperienced  person  for  cracks  formed  by  blowing. 

In  order  to  obtain  concordant  results  in  the  tests,  sand  of  uni- 
form size  of  grain  and  uniform  quality  must  be  used.  This 
standard  sand  is  obtained  by  washing  and  drying  the  purest  quartz 
sand  obtainable,  sifting  the  same  through  a  sieve  with  60  meshes 
per  square  cm  (387  per  sq.  inch),  thereby  separating  the  coarsest 
particles,  and  by  removing  from  the  sand  so  obtained,  by  means 
of  a  sieve  of  120  meshes  per  square  cm,  the  finest  particles.  The 
diameter  for  the  wires  of  the  sieve  shall  be  .38  mm,  and  .32  mm 
respectively.  Since  not  all  quartz  sand  even  under  the  same 
method  of  treatment,  gives  the  same  resulting  strengths  in  the 
mortars,  one  must  know  whether  the  standard  sand  at  one's  dis- 
posal gives  concordant  results  with  the  standard  sand  furnished 
by  the  German  society  of  cement  manufacturers  and  ako  used 
at  the  royal  testing  station  at  Berlin  (Charlottenburg). 

For  each  test,  in  order  to  obtain  correct  average  results,  at 
least  six  test  pieces  are  to  be  made.  Tensile  test  pieces  can  be 
made  either  by  hand  or  by  machinery. 
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HAND  WORK 

On  a  metal  or  thick  glass  plate  five  sheets  of  blotting  paper 
soaked  in  water  are  laid,  and  on  these  are  placed  five  molds  wetted 
with  water;  250  grains  (8.75  ounces)  of  cement  and  750  grains 
of  standard  sand  are  weighed  and  thoroughly  mixed  dry  in  a 
vessel.  Then  100  ccm  (100  grams  or  35  ounces)  of  fresh  water 
are  added,  and  the  whole  mass  thoroughly  mixed  for  five  min- 
utes. With  the  mortar  so  obtained  the  molds  are  at  once  filled, 
with  one  filling,  so  high  as  to  be  rounded  on  top,  the  mortar 
being  well  pressed  in.  By  means  of  an  iron  trowel  5  to  8  cm 
(1.96  to  3.14  inches)  wide,  35  cm  (13.79  inches)  long,  and  weigh- 
ing about  250  grains,  the  projecting  mortar  is  pounded  first  gently 
and  from  the  sieve,  then  harder  into  the  molds  until  the  mortar 
grows  elastic,  and  water  flushes  to  the  surface.  A  pounding  of 
at  least  one  minute  is  absolutely  essential.  An  additional  filling 
and  pounding  in  of  the  mortar  is  not  admissible,  since  the  test 
pieces  of  the  same  cement  shall  have  the  same  densities  at  the 
different  stations.  The  mass  projecting  over  the  mold  is  care- 
fully taken  off,  and  the  test  piece  placed  in  a  box  lined  with  zinc, 
which  is  to  be  provided  with  a  cover,  to  prevent  a  non-uniform 
drying  of  the  test  pieces  at  different  temperatures.  24  hours 
after  being  made,  the  test  pieces  are  placed  under  water,  and  care 
has  to  be  taken  that  they  remain  under  water  during  the  whole 
period  of  hardening. 

MACHINE  WORK 

After  the  mold,  provided  with  a  guide  mold,  has  been  clamped, 
by  means  of  set  screws,  on  the  bedplate  of  the  pounding  machine, 
for  each  test,  180  grams  of  the  mortar,  made  as  above,  are  placed 
in  the  mold  and  the  iron  follower  is  set  in.  By  means  of  Bohme's 
hammer  apparatus,  with  a  hammer  weighing  2  kilograms,  150 
blows  are  struck  on  the  follower. 

After  the  guide  mold  and  follower  have  been  removed,  the  test 
piece  is  scraped  off,  smoothed,  taken  with  the  mold  from  the  bed- 
plate and  for  the  rest  treated  as  for  the  hand  work.  By  accu- 
rately following  the  directions  given  above,  hand  and  machine 
work  give  well  concording  results.  In  all  cases  of  doubt  the 
machine  work  is  to  be  decisive. 

COMPRESSIVE  TESTS 

In  order  to  obtain  concordant  values  in  compression  tests  at 
different  stations,  machine  making  is  necessary.  400  grams  of 
neat  cement  and  1200  grams  dry  standard  sand  are  thoroughly 
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mixed  dry  in  a  vessel,  and  160  ecm  of  water  are  added  thereto, 
and  then  the  mortar  is  thoroughly  mixed  for  five  minutes.  Of 
this  mortar  850  grams  are  placed  in  the  cubic  molds,  provided 
with  guide  mold,  and  the  mold  is  then  screwed  on  the  bedplate 
under  the  pounding  machine.  The  iron  follower  is  placed  in 
the  form,  and,  by  means  of  Bohme's  trip  hammer,  150  blows 
are  struck,  by  a  hammer  weighing  2  kilograms. 

After  removing  the  guide  mold  and  follower,  the  test  piece  is 
smoothed  off,  with  the  mold  from  the  bedplate,  and  for  the  rest 
treated  as  for  hand  work,  as  given  above. 

MAKING  TEST  PIECES  OF  NEAT  CEMENT 

The  inside  of  the  molds  is  slightly  oiled,  and  the  same  are 
placed  on  a  metal  or  glass  plate  without  blotting  paper.  1000 
grams  of  cement  are  weighed  out,  200  grams  of  water  are 
added,  and  the  whole  mass  thoroughly  mixed  for  five  min- 
utes (best  with  pestle).  The  forms  are  well  filled  (rounded), 
and  then  proceed  as  for  hand  work  as  given  above.  The 
molds  can  only  be  taken  off  after  the  cement  has  sufficiently 
hardened.  Since,  by  the  pounding  in  of  the  neat  cement,  test 
pieces  of  uniform  consistency  are  to  be  obtained,  for  finely  ground 
or  quick  setting  cements,  the  amount  of  water  must  be  corre- 
spondingly increased.  The  volume  of  water  is  always  to  be 
stated  in  giving  the  strength  obtained. 

TREATMENT  OF  TEST  PIECES  AT  TIME  OF  TESTING 

All  specimens  are  to  be  tested  directly  after  their  removal  from 
the  water.  Since  the  time  of  testing  is  of  influence  on  the  result 
in  tensile  tests,  the  increase  of  load  shall  be  100  grams 
per  second.  The  mean  of  the  four  best  results  shall  be  consid- 
ered the  final  tensile  strength.  In  testing  compression  pieces, 
the  pressure  is  always  to  be  exerted  on  two  side  faces  of  the  cube, 
but  not  on  the  bottom  or  top.  The  mean  of  the  four  highest  tests 
shall  be  considered  as  the  final  compressive  strength. 

Abstract  from  French  specifications  for  Portland  cement 

CUE  M I C A  L  A  X  A  L YS  T  S 

The  cement  must  not  contain  more  tlian  li  of  sulfuric  acids 

or  sulfids  in  determinable  proportion.     Cements  containing  more 

than  4fc  of  ferric  oxid,  or  in  which  the  ratio  of  the  combined  silica 

and  alumina  to  the  lime  is  less  than  .44,  are  to  be  regarded  as 

doubtful. 
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HIXINO  THE  MORTAB 

In  mixiiig  the  mortar  for  testing,  sea  water  is  specified,  and 
both  air  and  water  are  to  be  maintained  at  a  temperature  of  15^ 
to  18®  C  (59-64.4  F)  during  the  continuance  of  the  experiments. 
The  quantity  of  water  is  ascertained  by  a  preliminary  exi)cri- 
ment,  and  the  four  following  tests  are. given  as  an  indication 
whether  the  proportion  of  water  added  is  correct: 

1  The  consistence  of  the  mortar  should  not  change  if  it  be 
gaged  for  an  additional  period  of  three  minutes  after  the  initial 
five  minutes. 

2  A  small  quantity  of  the  mortar  (iropped  from  the  trowel  on  a 
marble  slab  from  the  hight  of  about  .60  meter  (1.64  feet)  should 
leave  the  trowel  clean,  and  retain  its  form  approximately  without 
cracking. 

3  A  small  quantity  of  the  mortar  worked  gently  in  the  hands 
should  be  easily  molded  into  a  ball,  on  the  surface  of  which  water 
should  appear.  When  this  ball  is  dropped  from  the  height  of 
.50  meter  (1.64  feet)  it  should  retain  a  rounded  shape  without 
cracking. 

4  If  a  slightly  smaller  quantity  of  water  be  used,  the  mortar 
should  be  crumbly  and  crack  when  dropped  upon  the  slab.  On 
the  other  hand  the  addition  of  a  further  quantity  of  water  — 
lj^2^  of  the  weight  of  the  cement  —  would  soften  the  mortar, 
rendering  it  more  adhesive,  and  preventing  it  from  retaining  its 
form  when  allowed  to  fall  on  the  slab.  It  is  recommended  to 
commence  with  a  r?.ther  smaller  quantity  of  water  than  is  ulti- 
mately required,  and  then  to  make  fresh  mixings  with  a  slight 
additional  quantity  of  water. 

The  mortar  is  to  be  mixed  with  a  trowel  for  five  minutes  on  a 
marble  slab. 

iTRENGTH 

The  form  of  briquet  and  method  of  molding  are  the  same  as 
in  the  German  specifications;  tlie  breaking  section  is  5  sq. 
cm  (.775  square  inch).  Six  briquets  are  broken  after  an  interval 
of  seven  days,  six  after  28  days,  and  the  remaining  six  after  84 
days.  The  mean  of  the  three  highest  figures  of  each  series  of 
tests  is  taken  as  the  tensile  strength  of  the  cement  under  exami- 
nation. The  minimum  strength  specified  for  the  neat  cement 
in  seven  days  is  20  kilograms  per  sq.  cm  (284.5  pounds  per 
square  inch);  in  28  days,  35  kilograms  per  sq.  cm  (498  pounds 
per  square  inch);  and  at  least  45  kilograms  per  sq.   cm  (64Q 
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pounds  per  square  inch)  at  the  end  of  84  days.  If,  however,  the 
strength  in  28  days  is  not  more  than  5  kilograms  per  sq.  cm 
(71.12  pounds  per  square  inch)  in  excess  of  that  at  seven  days, 
then  it  must  be  at  least  55  kilograms  per  sq.  cm  (727.8  pounds 
per  square  inch)  in  28  days,  and  in  any  case  where  this  is  not 
attained  in  28  days  it  must  be  exceeded  in  84  days. 

Tests  of  cement  mixed  with  sand  are  also  specified.  The  stand- 
ard sand  is  produced  by  crushing  quartzite  obtained  from  the 
quarries  near  Cherbourg,  and  sifting  it  through  sieves  of  64  and 
144  meshes  per  sq.  cm  (413  and  929  meshes  per  square  inch). 
That  which  remains  between  these  two  sieves  is  washed  and  dried, 
and  constitutes  the  standard  sand.  375  grams  (13.25  ounces)  of 
this  sand  is  mixed  with  125  grams  (4.41  ounces)  of  cement,  and 
water  is  added  in  the  proportion  of  12  parts  by  weight  to  100 
parts  of  sand  and  cement  combined.  The  sand  and  cement  are 
first  carefully  mixed  in  a  basin  or  capsule,  then  the  whole  of 
the  sea  water  is  added  at  once,  and  the  mixture  stirred  with  a 
spatula  for  5  minutes.  At  the  expiration  of  seven  days  the 
strength  of  the  sand  cement  briquets  should  be  at  least  8  kilo- 
grams per  sq.  cm  (113.78  pounds)  and  in  28  days  15  kilo- 
grams per  sq.  cm  (213.35  pounds  per  square  inch).  In  28 
days  the  strength  should  exceed  that  at  seven  days  by  2  kilo- 
grams per  sq.  cm  (28.45  pounds  per  square  inch).  In  84 
days  the  strength  must  be  greater  than  at  28  days,  and  at  least 
18  kilograms  per  sq.  cm  (256  pounds  per  square  inch).  The 
84  day  tests  are  only  considered  indispensable  for  those  cements 
which  may  have  stood  the  two  previous  tests;  but  if,  while  the 
cement  is  in  store,  the  84  day  tests  should  be  unsatisfactory,  it 
may  be  rejected. 

FINENESS  OF  GRINDING 

The  degree  of  fineness  to  which  the  cement  must  be  ground 
is  not  specified,  it  being  considered  that  very  fine  grinding  in- 
creases the  strength  chiefly  during  the  duration  of  the  tesrts,  and 
that  subsequent  increase  of  strength  is  less  with  fine  than  with 
coarse  cement. 

TIME  OF  SETTING 

This  practically  agrees  with  the  German  specifications.  Any 
cement  commencing  to  set  in  less  than  30  minutes,  or  failing  to 
commence  to  set  within  three  hours  is  to  be  rejected;  and  the 
final  set  must  have  taken  place  within  12  hours.  In  each  case 
the  time  is  reckoned  from  the  moment  the  water  is  poured  on 
the  cement. 


LIMB   AND    CEMENT    INDUSTRIES  751 

Books  relating  to  cement 

The  following  list  gives  the  titles  of  a  number  of  works,  which 
will  enable  those  desiring  it  to  obtain  more  detailed  information 
concerning  the  technology  of  cement  manufacture  than  it  is  pos- 
sible to  give  within  the  limits  of  this  report. 
Butler,  D.  B.     Portland  cement:  its  manufacture^  testing  and  use. 

K  Y.  1899. 
Candlot.     Ciments  et  chaux  hydrauliques.    Paris  1891. 
Clarke,  E.  C.    Experiments  with  Rosendale  and  Portland  cements. 

(see  Trans.  Am.  soc.  civ.  eng.    Oct.  1893.    Ap.  1885;  also 

June  21  and  Nov.  1885) 
Cnmmings,  XT.     American  cements.     Best.  1898. 
Oary,  H.    Raumbestandigkeit  von  zehn  Portland  cementen.    KgL 

Tech.  Versuchsanstalten.     1899.     Erganz.  heft  1. 
Oilmore,  Q.  A.      limes,  hydraulic  cement  and  mortars.      N.  T. 

1872. 
Oiron,  P.     Methods  of  burning  cement,     (see  Proc.  Eng.  club. 

Phil.  July  1893,  v.  10) 
Heath,  A.  H.     Manual  of  lime  and  cement.     K  Y.  1893. 
Jameson,  C.  D.     Portland  cement,  its  manufacture  and  use.    N.  Y. 

1898. 
Johnson,  J.  B.     Materials  of  construction.     N".  Y.  1898. 
Enichling,  E.    On  cement  mortars,     (see  Appendix,  Annual  rep't 

exec,  board  of  city  of  Rochester.     1887) 
Le  Chatelier,  H.     Procedes  d'  essai  des  materiaux  hydrauliques. 

(see  Annales  des  mines.     1893.     2:252;  tr.  in  Trans.  Am. 

inst.  min.  eng.    Aug.  1893)  » 
Lewis,  F.  H.     ]ilanufacture  of  hydraulic  cement  in  United  States. 

(see  Min.  ind.  6:  91) 
Lord,  N.  W.      Natural  and  artificial  cement,     (see  Ohio  gool.  sur. 

6:671) 
Hicliaelis,  E.    Hydraulischer  mortel  und  Portland  cemente. 
Hewberry,  W.  B.  &  S.  B.    The  chemistry  of  Portland  cement,    (see 

Cement  and  engineering  news.     1897.  3:  85;  1898.  4:  5) 


752  NEW   YOBK   STATE   MUSEUIC 

Bichardson,  C.     Series  of  articles  on  lime  and  cement  mortars* 

BrickbnUder.  1897  and  1898. 
Schocli,  C.    Die  modeme  aufbereitung  und  wertung  dor  mortel 

materialien.     Ber.  1898. 

Smith,  W.  A.    On  cements,    (see  Min.  ind.  1 :  49) 

Spalding,  F.  P.     Hydraulic  cement,  its  properties,  testing  and  use. 

N.  Y.  1897. 
Stillman,  T.  B.      Methods  of  testing  cement,     (see  Jour,  chenu 

soc.   15:  181;  16:  161,  283,  374) 

Also  has  bibliography. 
Wilkinson,  P.     Technology  of  cement  plaster,     (see  Trans.  Am. 

inst.  min.  eng.    37:  508) 

Zwick,  A.     Hydraulischer  Kalk  und  Portland  cement.     Leipzig 
1892. 
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GEOLOGY  OF  NEW  YORK  LIMESTONES 

Limestones  are  found  in  New  York  from  the  oldest  to  the 
youngest  formations.  Some,  like  those  of  the  pre-Cambrian,  are 
often  local  in  their  extent;  "while  others,  like  those  of  the  Helder- 
berg,  extend  from  one  end  of  the  state  to  the  other. 

The  formations  containing  limestone  in  New  York  state  are 
the  pre-Cambrian,  Calciferous,  Chazy,  Trenton,  Clinton,  Niagara, 
Onondaga,  Lower  Helderberg,  Upper  Helderberg,  Goniatite, 
TuUy,  Quaternary  marls. 

The  most  important  of  these  are  the  Oalciferous,  Trenton, 
Niagara,  Lower  Helderberg  and  Upper  Helderberg.  The  Calcif- 
erous and  Niagara  sometimes  contain  sufficient  magne6ia  to  be 
called  true  dolomites,  and  this  fact,  together  with  the  freedom 
from  impurities  which  they  exhibit  at  some  localities,  gives  them 
a  special  usefulness. 

Calciferous 

The  rock  of  this  formation  is  frequently  highly  magnesian, 
and  a  high  percentage  of  silica  is  likewise  not  uncommon  in  it. 
On  this  account  it  is  sometimes  called  Calciferous  sandrock. 

The  Calciferous  limestones  occur  as  isolated  paULeb  or  belts 
in  several  parts  of  the  state,  and  show  considerable  variation  in 
character.  With  few  exceptions  they  are  magnesian  and  indeed 
may  pass  into  true  dolomites.  On  the  other  hand,  they  are  often 
highly  silicious,  so  much  so  as  to  render  them  practically  worth- 
less for  any  of  the  uses  considered  in  this  report.  Again  they 
may  run  very  low  in  silica,  as  near  Glens  Falls. 

Cambro-Silurian  limestones  appear  in  the  southeastern  portion 
of  the  state  in  Orange  county,  extending  northeastward  across 
the  county  to  the  Hudson  river,  and  across  it  through  Dutchess 
into  Columbia  county. 

Another  series  of  belts  begins  in  Westchester  county  and  ex- 
tends from  New  York  city  northward  to  the  county  line  and 
through  Putnam  and  Dutchess  counties  to  Pawling  and  beyond. 
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The  character  of  these  is  mentioned  in  the  county  descriptions. 
These  limestones  are  equivalent  to  the  Stockbridge,  and  repre- 
sent the  Acadian-Trenton  periods. 

A  belt  of  Calciferous  limestone  extends  from  Saratoga  west- 
ward through  Montgomery,  Fulton  and  Herkimer  counties. 

With  the  exception  of  the  outcrops  in  the  vicinity  of  Glens 
Falls  the  rock  is  usually  very  silicious  and  is  known  as  sandroek. 

In  Herkimer,  Fulton,  Saratoga  and  Montgomery  counties  this 
formation  underlies  a  considerable  area  and  often  forms  cliffs 
along  the  rivers  and  creeks.  Its  normal  character  is  fairly  con- 
stant, viz  a  light  bluish  gray,  fine  grained,  massively  bedded 
sandy  limestone.  The  weathered  surfaces  are  generally  a  dirty 
buff.  The  following  localities  are  noted  by  N.  H.  Darton  as 
affording  good  exposures.* 

About  Middleville,  Little  Falls  and  northwestward  along  the 
fault  scarp,  on  East  Canada  creek,  about  St  Johnsville,  along 
the  Mohawk  from  Canajoharie  to  the  ^  Noses,'  the  quarries  at 
Tribeshill  along  the  Mohawk  from  Amsterdam  to  Hoffmanns 
ferry,  also  in  southwestern  Saratoga  county  and  west  of  Saratoga 
Springs. 

According  to  Walcott^  the  section  of  Calciferous  near  Sara- 
toga involves: 

Massive  layers  of  steel  gray,  more  or  less  arenaceous  lime-  ^®®* 

stone 125 

Massive  bedded,  slightly  magnesian,  gray  and  dove  colored 

limestone 35 

Unfossiliferous,  impure,  compact,  more  or  less  silicious  lime- 
stone    95 

Dark  gray,  evenly  bedded  limestone 60 

Oolitic  limestone   •  • 30 

Chazy 
The  Chazy  limestone  first  appears  at    Saratoga  and  extends 
northward  along  the  Ohamplain  valley  to  Montreal.     The  area 

»  13th  aa.  rep't  N.  Y.  stata  geol.  p.  612. 
'  Bui.  81.    U.  S.  geol.  Bur.   p.  346. 
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18  probably  a  continuous  one,  though  not  exposed  at  all  points. 
The  most  prominent  exposures  of  the  Chazy  are  in  the  quarries 
of  the  Chazy  marble  lime  co.  and  William  Goss,  and  at  Grand 
Isle.  The  rock  is  a  gray,  subcrystalline  limestone,  and  affords 
an  excellent  lime.  The  average  thickness  of  the  formation  ac- 
cording to  Brainerd  and  Seely  is  about  700  feet.  The  character 
of  the  stone  is  quite  uniform.  The  Chazy  limestone  is  not  found 
in  the  Mohawk  "vnlley  and  thins  out  in  the  central  and  western 
part  of  the  state. 

An  analysis  of  the  Chazy  limestone  from  the  quarry  of  the 
Chazy  marble  lime  co.  at  Chazy,  shows  the  high  degree  of  purity 
of  this  limestone  which  is  used  in  the  manufacture  of  lime. 

Silica    72 

Ferric  oxid  and  alumina •  •  •  •  .39 

Lime 53. 9 

Magnesia 1 .  44 

Carbon  diozid   .  • •  • 43 .  92 


100.37 


The  stone  is  also  available  for  the  manufacture  of  Portland 
cement. 

Trenton 

The  Trenton  limestones  involve  several  different  members,  viz, 
Birdseye,  Black  river  and  Trenton,  the  last  being  the  uppermost. 
The  most  southern  area  is  a  small  patch  of  impure,  fossilLferoua 
limestone  along  the  river  road  four  miles  north  of  Newburgh. 

An  important  belt  extends  southward  along  the  Champlain 
valley,  then  along  the  Mohawk  to  Little  Falls  and  thence  north- 
westward to  "Watertown.  Beds  of  the  same  age  also  occur  east 
of  Lake  Champlain  and  extend  southward  into  Washington 
county. 

In  this  belt  they  are  often  metamorphosed  or  folded,  but  along 
the  lake  shore,  specially  along  the  margin  of  the  Adirondack 
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island  of  crystalline  rocks,  the  beds  are  little  disturbed  and  some- 
times highly  fossiliferoiis.  The  Birdseye  rarely  exceeds  6  feet 
in  thickness.  It  is  a  pure  dove  colored  to  dark  gray  limestone 
with  conchoidal  fracture  and  often  containing  veins  of  quartz  or 
caleite. 

The  total  thickness  of  the  Trenton  in  the  Champlain  valley  is 
230  feet,  and  it  overlies  the  Chazy.  Quarries  have  been  opened 
up  at  Isle  La  Motte,  Plattsburg,  Larrabees  point,  and  Cfowti 

point. 

The  Black  river  limestone  in  the  Champlain  valley  is  locally 
known  as  Isle  La  Motte  marble.  It  has  a  varying  thickness  from 
35  feet  on  Larrabees  point  to  75  feet  on  Crown  point  and  20  feet 
at  Plattsburg.  The  stone  is  usually  heavy  bedded,  tough,  com- 
pact and  black. 

The  Trenton  proper  is  exposed  at  Crown  Point  (IST.  Y.)  where 
it  has  a  thickness  of  150  feet.  It  is  usually  thin  bedded  and 
shaly  but  contains  several  beds  of  purer  limestone. 

Beginning  at  a  point  about  one  half  mile  south  of  Smitlia 
Basin  in  Washington  county,  the  Trenton  limestone  extends 
northward,  passing  east  of  North  Granville,  east  of  Whitehall, 
which  lies  on  the  western  cdirc  of  the  belt,  then  northward  in  a 
belt  from  one  mile  to  half  a  mile  wide,  past  Benson  Landing  and 
nortliward  into  Vermont.  Tlie  town  of  Vergennes  lies  on  the 
eastern  border  of  the  belt.  Another  belt  of  this  same  rock  is 
found  farther  south  in  Washington  county,  extending  from  a 
point  half  a  mile  north  of  E«nston  Corners  up  to  and  for  half  a 
mile  north  of  Argyle.  Thronii;liout  its  extent  the  rocks  of  these 
two  more  or  less  continuous  belts  have  been  highly  disturbed  by 
dynamic  forces.  Thev  are  nuieh  folded  and  crushed  and  at  times 
assmne  a  very  slaty  structure.  The  limestone  is  generally  fine 
grained  and  of  a  black  color,  is  traversed  by  numerous  veins  of 
wliite  caleite  and  is  frequently  of  high  purity.  It  is  mined  at 
Smiths  Basin  and  also  west  of  Fairhaven  on  the  Vermont  line. 
At  both  of  these  localities  the  stone  has  been  quarried  for  lime- 
making  and  flux. 
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In  the  Mohawk  valley  only  the  Birdseye  and  Trenton  members 
are  present.  The  Birdseye  member  is  in  greater  part  a  fine 
grained,  dove  colored  stone,  and  weathers  light  gray,  and  the 
beds  are  generally  moderately  heavy.  The  exposures  are  com- 
mon in  the  Mohawk  valley  and  have  been  quarried  at  a  nimiber 
of  localities.    Underlying  this  rock  is  the  Calciferous  sandstone. 

According  to  Darton^  the  formation  reaches  its  maximum  thick- 
ness at  Fort  Plain,  where  it  is  about  9  feet  thick.  It  then  de- 
creases westward  to  7  feet  near  St  Johnsville.  It  is  5  feet  on 
East  Canada  creek,  4  feet  around  Little  Falls  and  to  the  south- 
eastward, and  5  to  6  feet  on  West  Canada  creek  about  Middleville, 
Newport  and  Cold  creek. 

At  Ingham  Mills  the  rock  is  well  exposed  in  Butler's  lime 
quarry.  At  this  point  nearly  15  feet  of  a  good  grade  of  stone  is 
exposed.  At  Canajoharie  the  Trenton  member  of  the  group  ap- 
pears. Excellent  exposures  occur  near  Amsterdam  and  at  Glens 
Falls.  At  this  latter  locality  the  quarries  are  of  special  import- 
ance. The  Trenton  limestone  member  is  found  extending  eastr 
ward  from  Oneida  county  to  Glens  Falls.  At  times  the  rock  is 
massive  as  at  Tribeshill,  at  others  it  is  somewhat  shaly.  The 
thickness  in  the  quarries  at  Tribeshill  is  12  to  14  feet  of  massive 
stone.  Other  exposures  also  occur  in  the  quarries  about  Am- 
sterdam and  again  in  quarries  2  miles  northwest  of  Iloffmans 
ferry,  where  about  20  feet  of  a  soft,  highly  fossiliferous  lime- 
stone is  exposed. 

A  belt  of  Trenton  occurs  west  of  Saratoga  and  is  well  exposed 
at  Howland's  mill  3  miles  due  west  —  southwest  from  Saratoga 
Springs.     The  section  here  shows  20  feet  of  limestone. 

At  Glens  Falls  the  Trenton  limestone  is  well  exposed  on  both 
banks  of  the  Hudson,  and  is  of  much  importance,  being  used  for 
building  stone  lime  and  Portland  cement. 

Darton  gives  the  following  section  of  it. 

Thin  bedded  black  limestones  in  beds  3  to  8  in 10 

Black  marble  10  to  14  in.  beds 8 

1 16th  an.  rep't  N.  Y.  state  geol.  p.  516. 
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Feet 

Black  marble  one  or  two  in.  beds.  • 13 

Black,  massive,  fine  grained  limestone.     In  floor  of  quarry  ?» 

Dark  gray,  fine  grained  limestone 25 

Black,  compact  limestones  with  slaty  layers. 

It  overlies  the  Chazy.  There  are  also  extensive  outcrops  of  it 
around  Hoosick  Falls,  but  at  this  point  the  stone  is  apt  to  be 
slaty. 

The  Trenton  rocks  also  extend  northward  from  the  Mohaj^  ^  g 
valley  to  Watertown.  They  are  quarried  at  Prospect,  Oneiaa, 
Port  Leyden,  Boonville  and  Watertown.  The  Trenton  limestone 
formation  is  dark  gray  to  black  and  is  often  fossiliferous.  The 
central  part  of  the  Trenton  formation  is  apt  to  be  shaly  in  places, 
while  the  Birdseye  limestone  is  massive  and  heavy  bedded.  The 
upper  part  of  the  Trenton  formation  or  Trenton  limestone  proper 
is  a  lighter  gray  limestone  and  finely  crystalline  in  its  nature. 
This  member  is  quarried  at  Prospect. 

Niagara 

In  Schoharie  county  we  find  the  eastern  end  of  this  formatioiL 
Its  thickness  is  not  more  than  5  feet,  and  it  is  usually  a  dark  gray, 
massive  limestone.  An  exposure  of  it  can  be  seen  at  Howe  Cave 
just  below  the  cement  quarries,  of  which  it  forms  the  floor. 

The  Niagara  limestone  also  appears  in  Oneida  county  north  of 
Clayville  and  extends  westward  with  increasing  width  to  the 
Niagara  river.  In  Wayne  county  in  the  town  of  Butler^  it  is 
a  dark  blue,  fine  grained,  compact  limestone  and  is  usually  thin 
bedded.  It  has  been  used  at  this  point  for  burning  lime.  Other 
occurrences  are  at  Rose  on  the  head  waters  of  Sheldon  creek 
and  in  the  towns  of  Marion  and  Walworth.  It  has  been  quarried 
at  many  points  in  Wayne  county  for  the  manufacture  of  lime. 

In  Monroe  county  the  northern  edge  of  the  limestone  passes 
through  the   towns   of  Penfield,   Brighton,   Gates,   Ogden   and 


'  DartoD,  N.  H.       Helderberg  limestones  and  associated   formations  in 
eastern  New  York,    (see  18th  an.  rep*t  N.  Y.  state  geol.  p.  218) 
•  Hall,  James.    Geol  4th  dist.  N.  Y.  p.  84. 
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Sweden.  The  outcrops  at  these  points  generally  represent  the 
beds  of  the  upper  magnesian  member,  and  its  weathered  surface 
presents  a  characteristic  spongy  appearance. 

The  Niagara  formation  presents  two  types  of  lime  rock:  the 
one  a  dark  gray,  subcrystalline  stone,  which  is  used  for  lime  and 
building  purposes,  the  other  a  gray  brown,  crystalline  rock  with 
nimierous  cavities  and  containing  a  high  percentage  of  magnesia. 

The  area  in  which  the  Niagara  limestone  is  found  is  more  re- 
stricted than  that  of  most  of  the  other  limestone  formations  of 
the  state.  The  upper  member  of  this  formation  is  known  as  the 
Guelph  limestone  but  is  not  coextensive  with  the  lower  member. 
It  forms  a  lenticular  bed  about  20  miles  long  and  extends  from 
Rochester  westward.  In  the  vicinity  of  Rochester  quarries  have 
been  opened  in  it  at  New  Brighton  and  Gates.  As  exposed  in 
these  quarries,  it  is  a  grayish  brown,  finely  crystalline  limestone 
containing  numbers  of  small  cavities.  The  peculiar  feature  of 
this  rock  is  that  it  contains  a  large  amount  of  magnesia  and  a 
very  low  silica  percentage,  making  it  very  adaptable  for  use  in 
the  lining  of  Bessemer  converters. 

Lower  Helderherg 

This  formation  as  formerly  described  includes  several  distinct 
members  which  are  known  as  the  Tentaculite,  Waterlime,  Pen- 
tamerous,  lower  or  Catskill  shaly,  Becraf t  or  upper  Pentamerous, 
and  upper  shaly.  The  formation  is  a  widely  distributed  one 
within  the  state  and  of  considerable  economic  importance,  con- 
taining the  hydraulic  limestones  which  are  extensively  developed 
at  Eosendale  near  Kingston  in  Ulster  county. 

In  his  recent  classification*  Dr  J.  M.  Clarke  considers  the 
Tentaculite  limestone,  which  in  this  bulletin  is  discussed  as  the 
base  of  the  Lower  Helderberg,.to.  be  the  highest  member  of  the 
Salina.  If  Dr  Clarke's  grouping  be  accepted,  then  the  most 
westerly  outcrops  of  the  Lower  Helderberg  in  this  state  are  in 


*  Mem.  &    N.  Y.  state  mus. 
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the  neighborhood  of  Chittenango  Falls,  Madison  co.;  and  the 
statements  in  the  text  should  be  correspondingly  qualified. 

The  members  of  this  formation  enter  the  state  at  the  south- 
eastern corner  just  east  of  Port  Jervis  (N.  Y.)  following  up 
the  southeastern  side  of  the  Neversink  river,  Bashers  kill,  and 
Rondout  creek,  throughout  this  whole  distance  resting  on  the 
Shawangunk  grit  which  forms  the  crest  of  the  Shawangunk 
mountain.  From  Kingston  the  same  formation  extends  north- 
ward past  Catskill  to  New  Baltimore,  where  it  then  swings  to 
the  northwest,  extending  as  far  as  New  Salem  in  Albany  county. 
At  this  point  it  becomes  very  narrow;  it  however  appears  again  as 
a  somewhat  broad  belt  just  west  of  Meadowdale  in  the  same 
county  and  then  extends  westward  as  far  as  Central  Bridge  in 
Schoharie  county,  and  from  there  in  a  slightly  northwest  direc- 
tion past  Sharon  Springs,  Dennisons  Comers,  Oneida,  Syracuse, 
and  westward  to  Niagara  Falls.  Up  to  Dennisons  Corners  the 
formation,  though  of  considerable  thickness,  does  not  cover  a 
very  broad  belt,  owing  to  the  perpendicular  escarpment  which  it 
forms,  but  its  thickness  remains  about  the  same  from  Syracuse 
westward  to  Buffalo,  and  the  elevation  of  the  escarpment  de- 
creases. 

The  Tentaculite  limestone  forms  the  lower  member  of  the 
series  and  is  generally  a  dark  colored,  thin  to  thick  bedded,  at 
times  argillaceous  limestone.  It  seldom  reaches  a  condition  of 
great  purity  and  aside  from  the  cement  beds  which  are  worked 
separately  its  chief  use  has  been  for  building  purposes. 

As  the  Helderberg  limestones  are  of  considerable  thickness  in 
New  York  state,  it  may  be  well  to  mention  them  in  detail.  Thi3 
can  best  be  done  by  quoting  from  the  report  of  N.  H.  Darton.^ 

The  Helderberg  limestones  attain  their  greatest  development 
in  eastern  New  York,  and  the  thickness  reported  by  Davis  of 
about  30O  feet  in  the  Catskill  region  is  the  maximum.  They 
thin  gradually  southward  in  New  York,  but  expand  again  in  New 
Jersey.    In  the  Helderberg  mountains  there  are  200  feet  and  at 

1  Report  on  the  relations  of  the  Helderberg  limeEtones  and  associated  formar 
tions  in  eastern  New  York,    {see  13th  an.  rep't  N.  Y.  state  geol.  p.  204) 
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Schoharie  not  over  240  feet.  Westward  from  Schoharie  the 
thickness  decreases  very  gradually.  The  members  constituting 
the  formation  in  its  typical  development,  beginning  at  the  top, 
are  a  pure  scmicrystalline,  massive,  very  fossiliferous  limestone, 
a  thick  series  of  shaly  limestone,  and  the  basal  series,  thin  bedded 
dark  limestones  of  the  Tentaculite  beds.  On  Catskill  creek  a 
higher  member  of  impure  shaly  limestone  comes  in  above  the 
pure,  massive  beds,  thickens  rapidly  and  continues  southward 
to  and  through  New  Jersey.  The  Helderberg  formation  pre- 
serves its  typical  characters  with  some  local  variations  in  thick- 
ness to  a  few  miles  west  of  Cherry  Valley.  Then  the  upper 
limestone  beds  thin  out,  and  on  the  road  from  West  Winficld  to 
Litchfield,  in  the  southwestern  comer  of  Herkimer  county,  the 
Pentamerus  beds  lie  directly  under  the  Onondaga  limestone  .  .  . 
The  upper  members  of  the  Helderberg  limestones  .  .  .  come  in 
again  westward  and  are  finely  exposed  at  Oriskany  Falls.*.  .Here 
120  feet  of  beds  are  exposed  in  and  about  the  quarries,  of  which 
50  feet  are  quite  distinctively  of  the  Tentaculite  beds,  40  feet  of 
gray  beds  in  greater  part  of  Pentamerus  limestone  age,  but 
merging  into  the  character  of  the  lower  beds,  a  few  feet  of 
beds  with  mixed  Pentamerus  and  shaly  limestone  fauna,  and,  at 
the  top,  25  feet  of  gray  subcrystalline  rock  containing  a  shaly 
limestone  fauna.  25  miles  west  of  Perryville,  Madison  co., 
this  condition  has  continued,  the  lower  members  expanding  appar- 
ently at  the  expense  of  the  Pentamerus  beds  and  the  upper 
members  giving  place  to  Pentamerus  beds.  At  this  locality  the 
Onondaga  limestone  was  seen  lying  on  a  few  feet  of  dark  gray 
limestones  containing  Pentamerus,  with  a  thin  local  intervening 
layer  of  Oriskany  at  one  point,  which  gave  place  to  a  great  mass 
of  thin  bedded  gray  limestone  below. 

The  different  members  preserve  their  distinctive  characters 
more  or  less,  though  there  are  occasional  slight  local  variations. 

The  so-called  Scutella  beds  are  the  uppermost  member  south- 
ward to  near  Catskill.  They  are  light  colored,  coarsely  semi- 
crystalHne,  massively  bedded,  highly  fossiliferous  limestone 
blotched  with  calcite  replacement  of  fossils,  of  which  the  most 
conspicuous  is  the  so-called  Scutella.  These  are  the  cups  or  pelvis 
of  a  crinoid,  having  a  diameter  in  greater  part  from  one  to  two 

1  See  also  WiUiams,  S.  O.  The  westward  extension  of  rocks  of  the  Lower 
Helderberg  age  in  New  York,  Am.  jour.  sci.  3d  ser.  31 :  139-45;  abstract  Proc. 
Am.  ass'n  adv.  aci.  34:  235,  236;  Am.  nat.  1SS6.    20:  373. 
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inches,  and  the  white  calcite  of  which  they  consist  contrasts 
strongly  with  the  light  bluish  gray  of  the  containing  limestone. 
In  the  Schoharie  region  where  these  cups  characterize  the  lower 
beds  of  the  member,  the  overlying  layers  have  been  called  the 
upper  Pentamerus  beds  from  the  fossil  P.  pseudogaleatus 
which  they  contain,  and  this  name  has  been  employed  to  some  ex- 
tent to  comprise  all  the  beds.  In  the  eastern  extension  of  the  for- 
mation the  distinction  is  lost.  About  Catskill,  Davis  designates 
the  lower  layers  the  "  Encrinal  "  and  the  upper  layers  the  "  upper 
Pentamerus  "  limestone.  Owing  to  the  inappropriateness  of  the 
name  Scutella  and  the  varying  significance  of  the  other  names 
that  have  been  employed,  the  geographic  name  of  Becraft  lime- 
stone has  been  suggested  to  me  by  Prof.  Hall.  The  name  is  from 
Becraft  mountain  in  Columbia  county,  where  the  rock  is  typically 
developed  The  Becraft  limestone  has  a  thickness  of  10  to  15 
feet  near  Schoharie,  and  the  amount  does  not  vary  greatly  east- 
ward to  the  Helderberg  mountains  and  by  Clarksville,  Aquetuck 
and  Coxsackie.  Thence  it  increases  rapidly,  and  Davis  reports 
a  thickness  of  120  feet  below  Leeds,  the  upper  10  feet  consisting 
of  impure  and  sandy  or  shaly  layers.  There  are,  as  Davis  sug- 
gests, many  local  slips  in  this  section,  and  my  estimate  of  the 
thickness  of  the  purer  limestone  would  be  about  60  feet. 

"  In  the  Eondout  region  the  Becraft  limestone  is  40  feet  thick 
and  the  upper  shaly  beds  100  to  150  feet  thick.  In  the  ridge  just 
east  of  Whiteport  there  are  30  feet  of  Becraft  limestone."  About 
Rosendale  and  southward  no  exposures  have  been  noted  by 
Darton.  "  Underlying  the  Becraft  limestone  throughout  are  the 
lower  shaly  beds,  consisting  of  thin  bedded,  impure,  highly  fos- 
siliferous  limestone  with  some  shale  beds."  At  some  localities 
though,  as  for  instance  westward  on  the  Fox  kill  above  Gallup- 
ville,  it  is  in  greater  part  a  massive,  relatively  pure  limestone. 
In  Greene  and  Ulster  counties  it  has  the  character  of  the  upper 
shaly  beds,  with  a  more  or  less  slaty  cleavage  and  outcropping 
in  ragged  ledges,  in  some  cases  closely  resembling  the  lighter 
colored  outcrops  of  the  Esopus  slate.  Its  thickness  from  Scho- 
harie eastward  is  about  80  feet,  and  there  and  elsewhere  in  the 
great  Helderberg  escarpment  it  constitutes  a  steep  slope  between 
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the  Scutella  and  Oriskany  shelf  above  the  Pentamerus  escarp- 
ment below.  Its  thickness  apparently  decreases  somewhat  in  the 
Kingston-Rosendale  region,  but  it  retains  its  characteristics. 

The  Pentamerus  or  lower  Pentamerus  are  the  most  conspicuous 
members  of  the  lower  Helderberg  formation.  They  give  rise  to 
the  great  escarpment  which  marks  the  eastern  edge  of  the  Helder- 
berg formation  as  it  passes  along  through  central  New  York. 

The  beds  are  mostly  hard,  massively  bedded  and  vertically 
jointed  limestones.  The  rock  is  generally  bluish  gray  in  color 
but  weathering  imparts  a  lighter  tint  to  the  surface.  Partings 
of  slate  occur  occasionally  as  well  as  lenses  of  chert,  specially  in 
the  east  and  south. 

The  Pentamerus  limestone  is  a  quite  uniform  member,  and  its 
thickness  does  not  vary  greatly.  "  At  Schoharie  its  thickness  is 
between  60  and  70  feet,  in  the  Helderbergs  it  is  the  same  and  a 
trifle  more  about  Catskill,  80  feet  according  to  Davis,  50  feet  at 
Saugerties,  30  to  40  feet  about  Rondout,  70  to  100  feet  about 
Kosendale,  the  maximum  being  in  the  ridge  just  northwest  of 
the  village.  The  Pentamerus  beds  are  quite  sharply  demarked 
from  those  above  and  below  them." 

The  finest  exposures  of  the  Pentamerus  ledges  are  in  the  great 
escarpment  of  the  Helderberg  mountains  near  the  Indian  Ladder, 
where  they  rise  in  great  cliffs  surmounting  steep  slopes  to  an 
altitude  of  700  feet  above  the  plain  lying  to  the  north  and  east. 

The  Tentaculite  beds  are  thin  bedded,  dark  blue  limestones, 
lying  below  the  Pentamerus  beds,  and  usually  constituting  the 
base  of  the  Pentamerus  escarpment  or  lying  beneath  its  talus. 
The  beds  vary  in  thickness  from  an  inch  to  a  foot  in  greater  part, 
but  two  or  three  inches  is  the  average. 

The  Tentaculite  beds  have  a  thickness  of  40  feet  at  Howe 
Cave  and  Schoharie,  somewhat  less  in  the  Helderberg  mountains 
and  from  30  to  40  feet  through  the  Catskill  and  Kingston  regions. 
In  the  Rosendale  region  the  amount  is  less. 

There  are  several  outliers  of  the  Helderberg  limestone,  of 
which  an  important  one  is  Becraft  mountain. 


764  NEW    YOBK    STATE    MUSEUM 

The  attenuated  eastern  extension  of  the  great  Saline  forma- 
tion is  of  variable  character  and  thickness  and  may  not  be  con- 
tinuous throughout.  Locally  it  consists  of  heavy  beds  of  cement 
rock  but  generally  it  is  composed  of  thin  beds  of  more  or  less 
impure  cement  intercalated  with  thin  bedded  limestones  of  vary- 
ing character. 

"  The  cement  beds  attain  their  greatest  development  around 
Rondout  and  Rosendale,  where  they  are  extensively  worked. 
The  cement  rock  is  a  blue  black,  very  fine  grained,  massively 
bedded  deposit  of  calcareous  magnesian  and  argillaceous  ma- 
terials and  is  of  somewhat  variable  character  and  composition. 
The  rock  produces  a  cement  of  good  quality  only  when  the 
components  bear  certain  relative  proportions  to  each  other. 
A  characteristic  feature  of  the  rock  is  the  light  buff  hue  to  which 
it  weathers  on  the  surface.  At  Rosendale  there  is  a  21  foot  bed 
of  the  cement  at  the  base  of  the  formation,  then  from  12  to  15 
feet  of  mixed  impure  cement  and  limestone  beds,  then  another 
cement  bed  1 1  feet  in  thickness.  Above  these  are  the  Tentaculite 
and  Pentamerus. 

These  cement  beds  with  some  variations  in  thickness,  and 
many  in  character,  extend  over  a  wide  area  from  north  of  White- 
port  through  Rosendale  to  beyond  Highfalls,  outcropping  in  a 
belt  about  eight  miles  long  and  two  and  a  half  wide.  At  High- 
falls  there  is  an  upper  bed  of  cement,  15  feet  thick  and  a  lower 
bed  5  feet  thick,  separated  by  3  feet  of  impure  limestone.  At 
Whiteport  the  upper  cement  bed  is  12  feet  thick,  the  lower  from 
15  to  20  and  the  intervening  limestone  10  feet  in  thickness. 
How  far  they  may  extend  under  the  overlying  rocks  to  the  west- 
ward is  not  known,  and  their  southern  termination  has  not  been 
explored.  To  the  northeast  the  cement  thins  out  rapidly  and 
gives  place  to  impure  cements  and  limestones,  but  it  thickens 
again  rapidly  in  the  Rondout  region.  At  Rondout  there  are  two 
cement  beds,  the  lower  one  is  22  feet  thick  and  the  upper  5  feet 
thick,  with  3  feet  of  limestone  and  cement  intervening.  North- 
west the  lower  cement  bed  thins. 

In  Onondaga  county  the  cement  beds  are  again  prominent,  and 
vary  in  thickness  from  1  to  5  feet.  Many  of  the  quarries  show 
two  beds." 
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Upper  Helderherg 

This  is  the  limestone  series  which  is  termed  the  Comiferous 
by  many  writers,  but  by  others  the  upper  member  of  the  series 
is  termed  Comiferous  and  the  lower  member  Onondaga.  The 
formation  usually  rests  on  the  Schoharie  grit,  Cauda  Galli  grit, 
or  Oriskany  sandstone,  but  in  the  western  part  of  the  state  these 
are  wanting.     The  formation  is  divisible  into  3  members,  viz: 

1  The  lower,  or  Onondaga  graystone,  which  is  coarsely  crys- 
talline and  well  adapted  for  building. 

2  The  Comiferous,  which  is  a  hard  and  durable  limestone  con- 
taining many  chert  nodules. 

3  The  Seneca  blue  limestone,  the  purest  of  the  three,  fine 
grained  and  dark  blue. 

The  upper  Helderberg  rocks  are  quarried  near  Kingston,  Ulster 
CO.,  at  Splitrock,  near  Syracuse,  also  at  Auburn,  Waterloo,  Seneca 
Falls,  Leroy,  Williamsville  and  Buffalo. 

The  subdivisions  of  the  Onondaga  group  gradually  lose  their 
physical  and  faunal  characteristics  in  eastern  New  York,  and  the 
formation  is  in  greater  part  a  bluish  gray  subcrystalline,  mas- 
sive limestone  with  lenticular  masses  of  chert  in  courses  and 
irregularly  disseminated.  Darker  colors  occur  locally,  notably 
in  the  upper  beds  about  Peoria  (West  Berne),  which  are  very 
dark  and  coarsely  crystalline.  The  chert  is  predominant  in  the 
upper  beds,  but  it  is  usually  present  also  in  the  lower  beds.  In 
places  it  is  an  inconspicuous  feature  but  this  is  not  often  the 
case.  Thin  partings  of  shale  occur  rarely.  About  Saugerties 
the  lower  portion  of  the  limestone  is  shaly  and  weathers  buff. 
About  Clarksville  the  lower  members  are  very  pure,  free  from 
chert  and  regularly  bedded. 

In  Greene  and  Ulster  counties  particularly  the  outcropping 
edge  of  the  formation  is  characterized  by  a  fringe  of  very  large 
disconnected  blocks  occurring  at  various  intervals.  In  some  cases 
these  blocks  lie  several  hundred  yards  from  the  edge  of  the  out- 
crop. 
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Ooniatite 
This  IS  a  local  layer  of  limestone  found  near  the  base  of  the 
Hamilton  group  in  Onondaga  county.     Westward  in  Genesee 
county  at  the  village  of  Stafford  it  is  called  the  Stafford  lime- 
stone, and  extends  from  there  to  Lake  Erie. 

Tully 

This  is  the  most  southern  limestone  formation  found  in  any  part 
of  New  York  except  Orange  and  Westchester  counties,  and  the 
limestone  of  those  counties  is  largely  dolomitic.  It  forms  a  layer 
about  10  feet  thick  at  the  top  of  the  Hamilton  group,  and  derives 
its  name  from  its  type  occurrence  at  the  village  of  Tully  in  Onon- 
daga county.  It  is  rather  local  in  its  extent,  and  does  not  occur 
in  the  eastern  or  western  part  of  the  state,  extending  only  from 
Ontario  to  Madison.  Few  quarries  have  been  opened  in  it,  and  it 
has  only  been  extracted  at  times  for  purely  local  wants. 

Excellent  exposures  of  it  occur  however  on  the  shores  of  both 
Cayuga  and  Seneca  lakes,  and  the  material  could  be  easily  quar- 
ried at  these  places. 

Quaternary  marls 

These  represent  the  only  unconsolidated  types  of  limestones 
found  in  New  York.  The  deposits  are  usually  found  underlying 
swampy  areas,  specially  in  the  central  portion  of  the  state  between 
Syracuse  and  Rochester,  being  commonly  underlain  by  clay,  and 
overlain  by  muck. 

The  origin  of  these  marls  is  a  matter  of  much  interest.  While 
the  marl  is  sometimes  spoken  of  as  "  shell  marl ",  at  the  same 
time  the  shells  found  in  it  form  but  a  very  small  part  of  the 
whole,  the  greater  portion  being  made  up  of  granular  carbonate 
of  lime,  and  the  probable  cause  of  accumulation  is  by  precipita- 
tion from  calcareous  waters,  the  snails  being  found  in  the  marl 
because  they  frequent  water  carrying  lime. 

Central  New  York  contains  an  abundance  of  calcareous  rocks, 
and  fragments  from  them  are  also  found  in  the  drift,  so  that 
there  is  abundant  opportunity  for  the  carbonated  spring  waters 
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to  take  carbonate  of  lime  in  solndon.  This  is  taken  in  solution 
in  the  form  of  a  bicarbonate  which,  when  exposed  to  the  air,  is 
yeiy  unstable,  so  that  the  lime  is  precipitated  on  the  emergence 
of  the  water  as  a  spring.  Temperature  may  also  effect  the  result, 
in  that  the  lime  carbonate  is  more  insoluble  as  the  temperature 
of  the  water  rises.  This  cause  has  been  argued  for  by  I.  C.  Rus- 
selP  as  explaining  the  formation  of  marl  deposits  in  Michigan. 
The  marl,  as  it  precipitates,  settles  not  only  on  the  bottom  of  the 
pond,  but  also  on  the  grasses  around  the  edge.  This  method  of 
formation  is  observable  in  the  kettle  hole  ponds  in  the  terminal 
moraine  near  Cortland,  Xew  York.  The  effect  of  certain  plants 
on  the  precipitation  of  carbonate  of  lime  was  referred  to  earlier 
in  the  report. 

In  this  state  the  marl  deposits  are  known  to  occur  in  the  swampy 
areas  near  Warner  and  Jordan,  Onondaga  co. ;  in  the  valley  from 
Wayland  to  PerkinsviUe,  Steuben  co.;  Caledonia,  Livingston 
CO.;  northwest  of  Canastota,  Oneida  co.;  Cassadaga,  Chautiuqua 
CO.;  Cortland,  Cortland  co.;  Clifton  Springs,  Ontario  co.;  Claren- 
don, Orleans  co.;  Bergen,  Genesee  co.;  near  Chittenango  Falls, 
Madison  co.,  etc.  The  associations  and  extent  of  these  deposits 
vary,  as  does  also  the  purity  of  the  marl.  In  addition  to  these 
localities  Beck  also  states  that  marl  occurs  at  the  following  ones: 
2  miles  southeast  of  Lodi  on  branch  of  Cattaraugus  creek,  Catta- 
raugus CO.;  in  Schuyler  county,  at  Beaver  Dams  in  town  of 
Dix,  near  Horseheads  and  near  Millport,  Chemung  co. ;  in  Colum- 
bia CO.,  4  miles  north  of  Kinderhook;  in  Dutchess  co.,  to^vns  of 
Khinebeck,  North  East,  Pine  Plains,  Stanford  and  Red  Hook; 
Montgomery  co.,  near  Canajoharie,  Fort  Plain  and  Fonda;  Niag- 
ara CO.,  along  Tonawanda  creek,  and  in  swamp  5  miles  east  of 
Lockport;  Otsego  county,  in  southern  part  of  Cherry  Valley 
township.  Unless  the  area  of  marl  is  large,  and  this  would  bo 
indicated  by  the  size  of  the  swampy  tract,  which  it  underlies,  it 

>  Bui.  10.  Geol.  BOO.  Am.    1899. 
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does  not  pay  to  work  it  for  any  purpose  requiring  large  quantities 
of  raw  material. 

It  seems  curious  that  the  sole  application  of  this  material  which 
usually  suggests  itself  is  for  the  manufacture  of  Portland  cement, 
and,  while  this  is  indeed  an  important  application,  still  it  is  only 
worthy  of  consideration  in  the  case  of  very  large  deposits,  that 
is,  those  not  less  than  6  feet  thick  and  of  at  least  100  acres  area, 
while  deposits  smaller  than  this  are  open  to  nearly  all  the  uses  to 
which  limestone  can  be  put. 


LIME   AND    CEMENT    INDUSTKIES  769 


LTITESTONE  OCCUKIIENCE  BY  COUNTIES^ 

In  the  following  descriptions  it  has  been  attempted  to  give  aa 
far  as  possible  the  occurrence  and  extent  of  the  different  lime- 
stone formations  in  each  county,  together  with  their  characters. 
As  many  analyses  as  possible  have  been  collected,  and  a  number 
of  additional  ones  made  for  the  report.  Reports  of  an  economic 
nature  are  rare,  but  a  number  of  county  and  locality  reports  have 
been  issued,  the  titles  of  papers  and  reports  relating  to  the  region 
being  given.  Where  the  report  contains  analyses,  it  is  marked  with 
an  asterisk  (*),  and  reports  of  an  economic  nature  are  also  pre- 
ceded by  a  dagger  (t). 

Albany  county* 

The  only  limestone  formations  in  this  county  are  the  Lower 
Helderberg  and  the  Corniferous.  The  former  are  specially  con- 
spicuous, as  they  form  the  Ilelderberg  escarpment,  which  in  this 
county  reaches  its  greatest  elevation. 

Onondaga  limestone.  In  Albany  county,  this  formation  ap- 
pears as  a  terrace  extending  along  the  foot  of  the  slopes  formed 
by  the  Hamilton  shales.  In  the  northeastern  face  of  Helderberg 
mountain  the  outcrop  is  narrow,  but  it  ^videns  to  the  w^otward, 
being  a  mile  and  a  half  at  Thompsons  lake,  and  after  narromng  it 
again  becomes  3  miles  wide  in  the  long  slopes  northwest  of  Berne. 
The  formation  in  this  county  is  a  light  bluish  gray,  tough,  mas- 

1  General  articles  on  Veto  York  limestones 
Hall,  James.    County  reports,     {see  Geol.  4th  dist.  N.  Y.) 
Merrill,  F.  J.  H.    Mineral  resources  of  New  York  state,     {see  Bui.  15.    N.  Y. 
state  mus.) 

Guide  to  the  study  of  the  geological  collections,    {see  Bui.  19.  N.  Y. 

state  mus.) 

Merrill,  G.  P.     Stones  for  building  and  decoration. 

Ries,  H.  Report  on  limestones  of  eastern  New  York  and  western  New  Eng- 
land,    {see  17th  an.  rep't  U.  S.  geol.  sur.,  chapter  on  limestone) 

Smock,  J.  C.  Building  stones  in  New  York,  {see  Bui.  3  and  10.  N.  Y. 
state  mus.) 

8  Darton,  N.  H.  Report  on  relations  of  Helderberg  limestones  in  easteom 
New  York,     {see  13th  rep't  N.  Y.  state  geol.  1893.  p.  197-228) 

Preliminary  report  on  the  geology  of  Albany  co.     {see  47th  an.  rep't 

N.  Y.  state  mus.  p.  425-55)  *. 

*t  Nason,  F.  L.  Economic  geology  of  Albany  county,  {see  13th  an.  rep*t 
N.  Y.  sUte  geol.  1893.  p.  263-87) 

Mather,  W.  W.    Geol.  Ist  dist.  N.  Y.  1843. 
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fiive  limestone,  quite  pure  but  containing  lenses  of  ctert,  which 
are  chiefly  abundant  in  the  lower  beds.  At  times  it  disappears 
altogether,  but  this  is  not  usual.  One  of  the  best  ledges  of  Onon- 
daga limestone  is  in  the  cliffs  near  Oniskethau  creek  at  Clarks- 
ville. 

Lower  Helderberg  limestone.    This  reaches  a  large  development 
in  Albany  county  and  is  divisible  into  several  well  marked  mem- 
bers.    The  foremost  of  these  is  the  Becraft,  also  known  as  the 
Scutella  limestone.    This  rock  is  of  light  color,  often  crystalline 
and  full  of  fossils.     Its  average  thickness  in  Albany  county  is 
about  15  feet,  and  its  composition  may  be  inferred  from  an  analy- 
sis given  of  the  same  bed  occurring  at  Eondout,  Ulster  co.,  and 
Hudson,  Columbia  co.     One  exposure  of  it  is  in  the  creek  bed 
south  of  Callanans  Corners.     Underlying  the  Becraft  limestone 
is  a  series  of  different  Leds,  of  very  impure,  highly  fossiliferous, 
shaly  limestone  of  a  gray  and  grayish  brown  color  and  probably  too 
impure  for  any  use  except  building  or  road-making.  Their  thickness 
averages  100  feet.    Under  these,  however,  comes  the  Pentamerus 
limestone,  which  is  an  important  member  of  the  Helderberg  for- 
mation, whose  outcrop  is  marked  by  lines  of  prominent  cliffs.     It 
is  usually  cracked,  and  its  color  is  that  of  a  red,  bluish  gray  lime- 
stone, which  is  of  a  lighter  color  on  the  weathered  surface.     The 
beds  are  often  cut  by  vertical  joints  and  there  may  be  occasional 
layers  of  shale.     The  Pentamerus  limestone  in  Albany  county  has 
an  average  thickness  of  G5  feet.     It  is  a  well  known  formation 
and  has  been  quarried  for  lime  at  niiinerous  points  throughout  the 
state.     One  of  the  best  exposures  of  this  stone  is  at  the  Indian 
Ladder.      Underlying  the   Pentamerus   bed  is   a   series   of   thin 
bedded,  dark  blue  limestones,  which  generally  crop  out  at  the 
base  of  the  Helderberg  escarpment  but  are  frequently  hidden  by 
the  tahis  at  the  base  of  the  cliff.     These  Tentaculite  limestones 
are  often  of  a  shaly  nature.     Their  thickness  along  the  eastern 
face  of  Helderberg  mountain  according  to  Darton  is  about   oO 
feet.     They  are  also  exposed  at  the  Indian  Ladder  and  at  South 
Bethlehem.     An  excellent  section  of  both  Pentamerus  and  the 
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Tentaculite  bed,  is  seen  in  Callanan^s  quarry  southwest  of  South 
Bethlehem  (pi.  28),  analyses  of  which  are  given  below.  Under- 
lying the  Tentaculite  are  the  Waterlime  beds,  also  exposed  at 
Indian  Ladder  and  in  the  floor  of  the  quarry  at  South  Bethlehem, 
and  at  both  localities  they  are  about  four  feet  thick  and  represent 
impure  magnesia  limestones.^ 

The  following  analyses  made  for  this  report  will  indicate  the 
character  of  limestones  of  the  Helderberg  series  in  Callanan'a 
quarry  at  South  Bethlehenu 
Lower  third  of  quarry 

Silica 9.05 

Ferric  oxid .99 

Alumina 6.66 

Lime  carbonate 79 .  86 

Magnesia  carbonate 4.17 

100.73 
Middle  third 

Silica ,  5.12 

Alumina , 1.45 

Ferric  oxid .74 

Lime  carbonate 48 .  34 

Magnesia  carbonate 2 .  93 

Carbon  dioxid 41 . 22 

99.8 
Upper  third 

Silica 11.16 

Ferric  oxid 1.15 

Alumina 3.35 

Lime  carbonate 79.06 

Magnesia  carbonate 6.65 

101.37 

>Darton,  N.  H.  G^logy  of  Albany  county,     (see  18th  an.  rep*t  N.  Y.  state 
geol.  p.  438) 
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While  the  stone  at  South  Bethlehem  is  used  chiefly  for  road 
material,  it  could  also  be  used  in  the  manufacture  of  lime,  or 
Portland  cement,  for  it  does  not  contain  an  excess  of  silica. 
Lying  as  the  material  does  in  close  proximity  to  the  clay  deposits 
under  the  Quaternary  terrace,  it  could  be  well  utilized  for  cement 
manufacture. 

Curiously  enough,  however,  the  limestones  of  Albany  county 
are  but  little  employed.  A  partial  reason  for  this  may  be  the 
great  hight  and  steepness  of  the  escarpment  which  they  form, 
such  conditions  interfering  somewhat  with  economic  quarrying. 

There  are  several  quarries  at  Eavena  and  one  at  Aquetuck. 

Cayuga  county 

Extending  as  it  does  in  a  north  and  south  direction,  Cayuga 
county  includes  several  limestone-bearing  formations,  viz  the 
Upper  Heldcrberg,  Lower  Helderberg,  Niagara,  and  Clinton. 

The  Upper  Helderberg  limestone  extends  across  the  county  in 
a  northeasterly  direction  from  Union  Springs  to  Auburn,  and 
thence  eastward.  It  is  divisible  into  three  members,  viz  the  Onon- 
daga, the  Corniferous  and  the  Seneca  limestones.  The  Onondaga 
is  some  times  spoken  of  as  the  gray  Onondaga  stone,  and  the  last 
member  as  the  Seneca  bluestone. 

At  Union  Springs  there  are  three  quarries,  all  of  them  in  the 
Seneca  bluestone,  operated  by  J.  Shalebo,  B.  P.  Smith  and 
G.  P.  Wood.  The  stone  is  used  chiefly  for  building  purposes,  but 
some  of  it  runs  quite  high  in  carbonate  of  lime.  The  following^ 
represents  the  average  composition  of  the  largest  quarry  which 
is  east  of  the  town,  and  about  one  mile  from  the  lake.  In  the 
quarries  on  the  southern  edge  of  the  towTi,  the  stone  is  rather 
free  from  impurities  in  the  lower  layers,  but  the  upper  ones  often 
show  a  transition -to  the  ^rarccllus,  and  in  one  or  two  sections  a 
layer  of  the  Goniatite  limestone  is  observable.  Plate  29  shows 
the  Corniferous  limestone  quarry  at  Union  Springs. 

At  Auburn  both  the  Corniferous  and  the  Onondaga  members 
are  quarried.     The  latter  is  exposed  in  some  of  the  smaller  quar- 

^  This  analyj-is  does  not  occur  in  the  manuscript.     Ed. 
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rios,  and  the  layers  are  often  highly  loaded  with  chert,  but  in 
the  large  quarries  of  L.  S.  Goodrich  &  Son  on  Cottage  street 
the  gray  Onondaga  member  is  quarried.  The  layers  here  are 
free  from  chert,  but  the  stone  is  a  hard,  dense  fine  grained  rock, 
W'hich  is  used  for  building  and  also  lime-making.  It  bums  to  a 
lumpy  but  not  very  white  lime,  that  of  the  best  quality  coming 
from  two  layers  each  about  5  feet  thick  in  the  upper  portion  of 
the  quarry. 

The  following  analysis  represents  the  run  of  the  quarry 

Silica 13.5 

Alumina 3.7 

Ferric  oxid 1.5 

Lime  carbonate 61 .  6G 

Magnesium  carbonate  .  •  •  .  • 19 .  44 

Insoluble 17.5 

Total 99.8 

The  Lower  Helderberg  limestone  also  crosses  the  county  in  a 
belt  parallel  to  the  Upper  Helderberg.  It  is  first  exposed  at 
Union  Springs  on  the  hill  al>out  one  and  a  half  miles  to  the  north 
of  the  town,  on  the  Lowery  farm,  where  it  underlies  the  Oriskany 
sandstone.  At  this  point  the  layers  are  very  shaly,  and  the  purer 
ones  would  have  to  be  sought  farther  toward  the  northern  edge 
of  the  outcropping  beds  of  the  formation.  The  widtli  of  the 
belt  is  from  two  to  three  miles.  So  far  as  the  writer  is  aware,  it 
is  not  quarried  within  the  limits  of  the  county.  This  may  be 
partly  due  to  the  fact  that  there  is  a  heavy  covering  of  drift  in 
many  places  that  would  easily  tend  to  cover  it  up. 

At  Montezuma  the  works  of  the  Duryea  Portland  cement  co. 
were  built  to  use  the  marl  underlying  Montezuma  swamps,  but, 
since  their  destruction  by  fire  several  years  ago,  no  attempts  have 
been  made  to  revive  the  industry  at  that  point.  The  Montezuma 
marshes  (pi.  30),  underlie  an  extensive  tract,  and  marl  is  said  to 
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occur  under  them  at  several  points.  Borings  were  made  ty  the 
writer  across  the  swamp  at  a  point  two  miles  north  of  Union 
Springs  but  no  marl  was  found. 

Chantanqua  county^ 

The  only  lime  deposits  are  a  few  scattered  beds  of  marl.  The 
most  important  is  on  Cassadaga  lake,  and  a  Portland  cement  plant 
was  erected  at  this  point  seveial  years  ago,  but  is  now  closed 
down. 

Clinton  county  * 

Calciferous,  Eocts  of  this  age  are  abundantly  exposed  in 
Champlain,  Beekmantown  and  Peru  townships.  The  rocks  are 
usually  blue  gray,  massive,  sandy  dolomites.  Owing  to  their 
sandiness  they  have  little  value  for  the  manufacture  of  lime  or 
cement. 

The  Trenton  and  Chazy  limestones  occupy  a  broad  belt  which 
extends  along  the  western  side  of  Lake  Champlain  from  Peru 
northward  to  the  Canadian  boundary,  the  western  edge  passing 
close  to  West  Chazy,  Chazy  and  Coopersville. 

Chazy  limestone.  This  limestone  is  Avell  exposed  at  the  village 
of  Ohazy  as  well  as  in  other  parts  of  Chazy  towTiship,  specially 
just  north  of  Plattsburg,  and  on  Bluff  point  two  miles  south  of 
the  latter  place,  whence  it  extends  south  into  Peru,  where  the 
lower  portion  of  the  formation  is  well  shown.  The  aggregate 
thickness  of  the  Chazy  limestone  at  Chazy  village  is  740  feet, 
w^hile  at  Valcour  it  is  said  to  be  890  feet.  The  rock  is  quarried  at 
a  number  of  points  for  obtaining  marble,  rough  building  stone 
or  stone  for  lime. 

Black  river  limestone.  The  rocks  of  this  group  occur  as  mas- 
sive dark  colored  beds,  but  are  well  exposed  at  numerous  points  in 

1  HaU,  James,     {see  Gool.  4th  dist.  N.  Y.  p.  493) 

2  Gushing,  H.  P.    Geology  of  Clinton  county,     (see  13th  an.  rep't  N.  Y.  state 
geol.  p.  613) 

Faults  of  Chazy  township,  Clinton  co.     {8ce  Bui.  geol.  soc.  Am.  6:  285) 

Geology  of  Rand  Hill  and  vicinity,  Clinton  county,     (see  19th  an. 

rep't  N.  Y.  state  geol.  p.  39) 

Emmons,  Ebenezer.    Geol.  2d  dist.  N.  Y.  1842. 
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Chazy  overlying  the  Chazy  limestone,  but  outside  of  the  village 
and  in  Chazy  township  it  is  not  very  well  exposed.  According 
to  Gushing  it  has  a  thickness  of  30  to  50  feet  and  is  a  brittle 
black  limestone  with  a  conchoidal  fracture. 

Trenton  limestone.  This  is  also  well  exposed  in  the  town  of 
Chazy  and  in  addition  in  the  town  of  Plattsburg.  Cnshing  states 
that  in  the  bed  of  the  river  just  east  of  the  Chazy  village  150 
feet  is  exposed  lying  on  the  Black  river  limestone,  while  on  Crab 
island  about  200  feet  of  it  can  be  seen.  The  lower  portion  of  the 
Trenton  limestone  generally  exhibits  beds  of  a  slaty  character 
and  is  probably  of  insufficient  purity  for  any  chemical  use  except 
that  of  making  common  lime  and  for  fertilizing  purposes  or  per- 
haps Portland  cement.  Also  in  northeastern  Plattsburg  town- 
ship, and  extending  into  southeastern  Beekmantown,  the  rocks 
according  to  Gushing  form  a  series  of  black  slaty  limestones  which 
are  excellently  exposed  on  Cumberland  head.^ 

The  Chazy  limestone  is  of  high  purity  and  makes  a  most  ex- 
cellent quality  of  lime. 

The  following  is  an  analysis  made  by  D.  II.  Newland. 

Silica. 72 

Alumina  and  ferric  oxid 39 

Lime  carbonate OG .  24 

Magnesium  carbonate 3.02 

100.37 

The  quarries  are  near  the  railroad  and  the  product  can  be 
easily  shipped. 

There  are  several  lime  quarries  in  operation  in  the  village  of 
Chazy,  the  one  being  on  the  eastern  edge  of  the  town  andean- 
other  about  a  mile  out  (pi.  31).  Recently  a  third  quarry 
has  been  opened  on  the  southeastern  edge  of  the  village,  and 
three  limekilns  erected.     It  affords   an   excellent  location   for 

>  Cushinfc,  H.  P.  Geology  of  Clinton  county.    («ee  iSth  an.  rep*t  N.  Y.  state 
geol.  p.  51V) 
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cement  manufacture,  as  the  lowlands  which  the  limestone  ledges 
border  are  underlain  by  clay.  The  Chazy  limestone  bears  a  high 
reputation  not  only  for  the  manufacture  of  lime,  but  also  as  a 
furnace  flux. 

The  following  is  an  analysis  of  the  burned  stone  used  for  flux 
at  Troy,  E.  Touceda,  analyst. 

Lime  oxid 97 .  48 

!Maguesium  oxid 1.4 

Alumina 14 

Ferric  oxid 12 

Silica 79 

Total 99.53 

Columbia  county^ 

The  limestones  in  the  eastern  part  of  the  county  are  of  little 
importance  on  account  of  their  impure  nature,  but  on  Becraft 
mountain  east  of  Hudson  the  stone  has  been  extensively  quarried 
for  a  number  of  years  to  supply  the  furnaces  at  Troy  with  flux. 
Two  types  of  stone  are  found  here,  viz  the  Becraft  or  Scutella 
liniestojio,  and  the  blue  Pentamcrus  rock. 

The  reutamerus  limestone  is  quarried  on  the  cemetery  prop- 
erty at  the  northeastern  edge  of  the  town  (pi.  32).  It  is  well  ex- 
posed in  a  face  about  100  feet  long  and  25  feet  high.  With  the 
exception  of  the  upper  6  feet  the  layers  are  quite  free  from  chert. 
The  rock  shows  occasional  cavities  with  calcite  crystals  and  at 
times  quartz,  but  otherwise  probably  does  not  run  over  S^  or  4;^  in 
silica.  While  the  stone  has  hitherto  been  used  only  for  road 
material,  still  it  affords  a  source  of  limestone  for  the  manufacture 
of  Portland  cement,  the  necessary  clay  being  obtainable  from  the 
terraces  north  of  the  city. 

The  most  abundant  material  is  the  Becraft  limestone  alreadv 
rv^ferred  to.    Extending  along  the  top  of  the  ridge  are  a  series  of 

1  Bishop,  I.  P.  On  certain  fossiliforoiis  limestones  of  Columbia  county 
N.  Y.  and  Uieir  relations  to  the  Hudson  river  shales  and  the  Taconic  system. 
{srr  Am.   jour.  sci.  1886.     32:   438). 

Mather,"  W.  W.    Geol.  1st  dist.  N.  Y.  1843. 
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Openings,  which  were  originally  opened  as  marble  quarries,  but 
found  unsuitable  and  subsequently  worked  for  dimension  stono 
and  flux,  these  operations  continuing  to  the  present. 

The  limestone  is  a  coarsely  crystalline,  fossiliferous  rock,  of 
moderately  pure  and  quite  uniform  character.  The  stone  has  to 
be  hauled  600  to  1000  feet  to  the  railroad  siding,  thus  permitting 
easy  shipment 

The  following  analyses,  no.  1  by  T.  Egleston  and  no.  2  by  the 

chemist  of  the  Burden  iron  works  at  Troy  illustrate  the  character 

of  the  stone. 

1  2 

Lime •••••••••• 51.4         

Lime  carbonate 91.7.. 

Carbon  dioxid 41 .  191      

Magnesium  carbonate 3.51 

Magnesia 2.233      

Alumina 635  1.01 

Ferric  oxid 1.819  .55 

Silica 1.842  1.89 

Sulfur  dioxid 145  .049 

Phosphorus 149  .022 

Water 271     


99.685     98.731 


While  Mr  Jones  still  owns  some  of  the  quarries,  the  majority 
are  said  to  be  owned  by  Shute  &  Kightmycr  (pi.  33). 

Dutchess  county^ 

The  limestones  in  the  eastern  part  of  the  county  are  a  continu- 
ation of  those  found  in  Westchester  county  and  follow  the  line 
of  the  Harlem  river  railroad,  while  those  found  in  the  central  and 

1  Dwigbt,  W.  B.  On  the  recent  explorations  in  the  VVappinger  valley  lime- 
stones of  Dutchess  cc,  N.  Y.  {see  Am.  jour.  sci.  1870.    17:  300) 

— '  Recent  investigations  and  palaeontological  discoveries  in  the  Wap- 
plnger  limestone  of  Dutchess  and  neighboring  counties,  New  York  state,  {see 
Pivw.  Am.  nas'n  adv.  sci.  ftl:  «H4;  also  Am    i.»ur.  scL  lb«4.    Si7:  ;^4U) 

Mather,  W.  W.    Geol.  Ist  dist.  N.  Y.  1843. 
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western  portions  of  the  county  are  a  continuation  of  the  Orange 
county  Cambro-Silurian  limestone  belts.  The  former  are  meta- 
morphosed limestones  and  partake  of  the  nature  of  marble,  being 
highly  crystalline,  while  the  latter  are  not. 

The  eastern  belt.  While  there  are  outcrops  of  the  limestone 
at  a  number  of  points  in  the  valley  followed  by  the  Harlem  rail- 
road, only  two  large  openings  have  been  made.  These  are  at 
Dover  Plains  and  South  Dover. 

At  Dover  Plains,  G.  &  J.  H.  Ketcham  have  operated  a  quarry 
along  the  highroad  one  half  mile  southeast  of  the  town.  The 
rock  is  a  soft,  fine  grained  dolomite  of  gray  or  white  color.  The 
opening  is  about  200  feet  long,  20  to  30  feet  wide  and  10  feet 
deep.  No  analysis  was  made  of  the  stone  but  several  samples 
were  examined  to  determine  their  insoluble  matter,  which  ran 
from  2  to  3,1 

The  South  Dover  marble  co.  has  a  large  quarry  (pi.  34)  on  the 
hill  2^  miles  northeast  of  the  station.  The  rock  is  a  fine  grained, 
white  dolomite  and  has  hitherto  been  used  only  for  structural 
purposes.  It  has  to  be  hauled  to  the  railway.  In  appearance  it 
is  very  free  from  impurities.  The  following  analysis  of  the  rock 
was  furnished  by  the  superintendent  of  the  company. 

Silica 7 

Ferric  oxid 25 

Ahimiria 37 

Lime 30 .  C3 

^Magnesia 20 .  25 

Soda 12 

Potash 46 

The  sloiie  is  brought  down  to  the  railroad  over  a  private  trolley 
line. 

The  liinestones  in  the  western  i)art  of  the  county  are  usually  a 
hard,  fine  grained  bluish  gray  rock,  containing  less  magnesia  than 
the  whiter  phases  to  the  southeast  and  east.  It  has  been  used 
for  lime  but  on  the  whole  is  so  silicious  that  the  resulting  liuio 
would  be  lean. 


^  ■■  I  ^i 
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Since  dolomitic  limestones  tend  rather  to  disintegrate  than  to 
decompose,  their  outcrops  are  often  surrounded  by  a  wliite  granu- 
lar sandy  and  are  easily  discernible  for  some  distance.  The  west- 
em  belt  has  been  quarried  in  large  quantities  at  Clinton  point 
(pi.  35),  2  miles  north  of' New  Hamburg.  Its  silicious  nature 
restricts  its  use  to  road  metal. 

An  analysis  of  this  stone  gave: 

lime 29.07 

Magnesia • • • . .  •  •   16.29 

Carbonic  acid 40 .  76 

Alumina 2.33 

Ferric  oxid 47 

SiUca 10.17 


99.09 

Erie  county  ^ 

The  only  limestone  formations  represented  in.  this  county  are 
th9  hydraulic  or  waterlime,  the  Onondaga  and  the  Comiferous. 

According  to  Bishop,  "  the  northern  edge  of  the  Comiferous 
limestone,  together  with  the  Onondaga  limestone  and  the  upper 
part  of  the  hydraulic  limestone,  forms  a  well  defined  escarpment,, 
which  runs  in  a  general  southwest  direction  on  the  Genesee 
county  line  to  Buffalo.  Most  of  this  distance  the  escarpment  is 
nearly  parallel  to  the  Bloomingdale  and  Williamsville  road.  The 
hydraulic  limestone  is  generally  visible  at  the  base  of  the  escarp- 
ment)  where  it  forms  a  layer  of  variable  thickness  in  the  face  of 
the  cliff.  Sometimes  it  forms  a  terrace  from  a  few  feet  to  200 
yards  in  width  which  runs  parallel  to  the  escarpment  This  is 
specially  well  marked    between  the  Williamsville  and    Buffalo 

If  Bishop,  I.  P.  Structural  and  economic  geology  of  Erie  county,  {see  15th 
an.  rep't  In.  Y.  state  geol.  p.  305) 

H«ll,  James.  ^  Geok  4th  dist.  N.  Y.  p.  469. 

Pohlman,  J. '  Cement  rook  and  gypsum  depouts  in  Buffalo,  {see  Trans. 
Am.  inst.  min.  eng.    Oct.  1888) 
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city  line.  The  Onondaga  limestone  in  Erie  county  forms  a  thin 
band  between  the  hydraulic  limestone  and  the  overlying  Comif- 
erous  limestone.  It  varies  in  color  from  blue  gray  to  a  light 
gray,  and  also  varies  in  thickness,  reaching  its  maximum  of  35 
feet  in  Fogelsonger's  quarry  at  Williamsville.  It  is  the  same 
thickness  2  miles  farther  on  but  then  begins  to  thin  out  rapidly. 
The  formation  in  Erie  coimty,  instead  of  being  of  one  continuous 
bed,  is  really  a  series  of  lenticular  masses  occurring  at  the  same 
horizon.  The  Cornif erous  limestone  in  Erie  oouaty  forms  some- 
what of  an  escarpment,  as  already  mentioned.  The  rock  outcrops 
are  not  as  a  rule  very  extensive,  but  good  ones  occur  a  few  miles 
below  Millgrove  near  a  dam  across  Endicott  creek,  and  again  in 
the  bed  of  the  same  stream  for  3  miles  below  Wilhelm,  and  also 
near  the  same  place.  Again  this  limestone  is  found  in  Gage 
creek  at  Kieffer's  quarry  near  the  transit  road  about  a  mile  west 
of  Lancaster. 

Hydraulic  limestone.  This  extends  through  Williamsville, 
Clarence  and  Akron.  Along  the  whole  line  of  its  outcrop  it  has 
been  quarried  at  numerous  places  but  generally  only  for  building 
I)iirposes.  The  section  at  the  works  of  the  Buflalo  cement  co. 
gives  the  following  relations  of  the  three  limestones:  flint  and 
limestone,  Cornif  erous,  3  to  9  feet;  Onondaga  lime,  5  feet  8 
inches;  loose  friable  limestone,  G  inches;  gypsum  crystal,  6  inches; 
hydraulic  limestone,  porous,  known  as  bullhead,  7  feet;  cement 
rock  used  for  burning,  3  feet  8  inches;  impure  hydraulic  lime  at 
bottom  (pi.  36). 

The  bullhead  stratum  furnishes  the  greater  part  of  the  water- 
lime  used  for  building  purposes. 

Onondaga  limestone.  One  or  two  of  the  lenticular  masses  al- 
ready mentioned  occur  near  Williamsville  in  the  quarry  of  Fo- 
gelsonger  &  Young.  It  is  highly  fossiliferous  and  quite  pure, 
as  shown  by  the  following  analysis  made  by  H.  Carlson  and  quoted 
by  Bishop.^ 


I  Geology  of  Erie  county,  (see  15th  an.  rep't  N.  Y.  state  geol.  p.  331) 
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lame  carbonate 96 .  54 

Magnesium  carbonate 1 

Iron  and  alumina  oxid 84 

Silica 1.17 

Sulfur 101 

Phosphorus 017 

98.668 

Some  of  the  rock  is  used  for  smelting  purposes,  and  the  waste 
is  burned  for  lime. 

Camiferous  limestone.  The  chief  iis*^  for  this  is  also  for  build- 
ing operations.  The  largest  quarry  in  Erie  county  is  that  of  the 
Buffalo  cement  works,  but  there  are  numerous  other  smaller 
ones.  The  limestone,  while  making  a  good  building  material  on 
account  of  its  hardness,  is  very  cherty  in  places,  and  therefore 
for  any  chemical  or  similar  work  would  probably  have  to  be 
hand  picked.    The  limestone  is  usually  thickly  bedded  (pi.  37). 

Essex  county^ 

The  pre-Cambrian  rocks  of  Essex  county  often  include  a  scries 
cf  crystalline  limestones,  which  are  not  infrequently  speckled 
with  grains  of  pyroxene  and  other  dark  silicates.  Occasionally 
these  silicates  are  segregated  into  bunches,  thus  leaving  the  rest 
of  the  rock  comparatively  free  from  impurities.  At  times  the 
limestone  beds  attain  a  thickness  of  50  feet  to  100  feet,  as  at 
Port  Henry,  where  they  have  been  quarried  for  flux.  The  quarry 
has  not  been  operated  for  several  years. 

1  White,  T.  O.  Geology  of  Essex  and  Willsboro  townships,  Essex  co..  N.  Y. 
{see  Trans.  N.  Y.  acad.  aci.  1.3:  214) 

Merrill,  G.  P.  On  serpentinous  rocks  from  Essex  county,  (sec  Vvuc.  U.  S. 
nat.  mus.  12:  505) 

Brainard,  E.  The  Chazy  formation  in  tlie  Chaniplain  valley,  (sre  Hul.  2. 
iieoi.  8oe.  Am.  p.  203) 

&  Seely,  II.  M.     The  Caleiferons  forniniinn  in  the  Chaiiiflain  va'.iej. 

{see  Bui.  3.  Am.  mus.  nat.  hist.  p.  1;  also  Ihil.  1.    (Jeol.  soc  Ain.  p.  AO) 

Kemp,  J.  F.  Preliminary  report  on  geology  of  Essex  county,  {sro  l.'Uh 
-an.  rep  t  N.  Y.  state  geol.  p.  ()25) 

Geol.  of  Moriah   and   Westport  townships,  Essex  co.,  N.   Y.      (8(6 

Bui.  14.  N.  Y.  state  mus.) 

S^nmons.  Ebenezer.    Geol.  2d  dist.  1842. 
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Three  distinct  areas  of  Chazy  and  Trenton  limestones  occur 
in  this  county.  The  first  forms  Willsboro  point  and  extends 
southward  as  far  as  Whallonsburg.  A  second  area  begins  at 
Westport  and  extends  southward  to  the  town  of  that  name.  A 
third  is  on  Larrabees  point. 

The  Black  river  limestone  member  of  the  Trenton  is  usually 
heavy  bedded,  very  tough  and  compact.  The  rock  has  been 
quarried  on  Crown  point. 

The  Trenton  proper,  also  exposed  on  Crown  point,  is  150  feet 
thick,  but  is  usually  thin  bedded,  showing  alternations  of  lime- 
stone and  shale  layers.  The  Trenton  has  been  used  at  several 
places  for  making  lime,  but  no  definite  statement  can  be  made 
concerning  the  purity  of  any  given  beds,  as  they  are  variable. 
At  times  the  rock  is  quite  low  in  silica.  Large  quarries  have 
been  opened  on  Willsboro  point  (pi.  38),  and  in  the  town  of  Es- 
sex, and  the  stone  from  the  former  vas  shipped  to  New  York  city. 

A  partial  analysis  of  the  Chazy  limestone  on  Willsboro  point, 
furnished  the  writer  by  Prof.  J.  F.  Kemp,  showed: 

Lime   61 

Magnesia 1 

Silica , 2.43 

The  following  represent  the  average  composition  of  1)  the 
upper  10  feet  and  2)  the  lower  10  feet  of  the  quarry  from  anal- 
yses made  of  samples  collected  by  the  writer. 

Silica 4.4  4.6 

Alumina 7.1  4.1 

Ferric  oxid 8.5  1.9 

Lime  carbonate 79.2  87 . 7 

Magnesium  carbonate 4.2  .98 

Insoluble 15  12 . 6 

Water 2 

The  following  additional  ones  are  given  by  T.  G.  White.^ 
1  Lower  beds  of  quarry  on  Willsboro  point. 

It  Ooolofry  of  Essex  and  Willsboro  townships,  Essex  co.,  N.  Y.   {see  Trans. 
N.  y.  acad.  sci.  13:  211-31) 


TS3 

2  Sftine  IS  1  with  cmibonjites  ealculjited. 

3  An  mnalj^  of  CIulzt  limestone  qix>ted  from  Bovnton,^  and 

said  to  be  frran  Wilisboro. 

Its 

SiQ, 2.«         2.43       21.39 

CaO 51  

CaCQ, 91.1        70.31 

Al,0,,Fe,0, 41  .41         3.61 

MgO 1  2.1  1.09 

Na,0 tr. 

K,0. 8 

CL 31 

H^04 Ci> 

H,PO, 2 

Organic  matter. 1.4 


54.84       96.04       99. S 


Fulton  connty' 

The  Calciferons  and  Trenton  limestones  form  a  crescent  shaped 
belt  extending  from  Cnun  creek,  northwest  of  St  Johnsville, 
through  Garoga,  Johnstown,  Gloversville  and  Mayfield  up  to 
Northville.  A  second  belt  extends  from  Xorth^'ille  to  the  south- 
em  boundary  and  has  a  width  of  about  6  miles. 

Quarries  are  in  operation  at  Cranberry  creek  and  Mayfield. 

Genesee  connty^ 

A  very  small  triangular  area  of  Niagara  limestone  occurs  in 
the  northeastern  comer  of  the  county  and  a  second  very  thin 
strip  along  the  northern  edge. 

The  Helderberg,  on  the  contrary,  extends  through  the  central 
part  of  Genesee  county,  passing  through  Batavia,  Staflford,  East 

1  Trans.  N.  Y.  state  agric.  soc.  1852.     12:  801. 

2  Darton,  N.  H.    Geology  of  the  Mohawk  valley  in  Herkimer,  Fulton,  Mont- 
gomery and  Saratoga  counties,     (sec  47th  an.  rep't  N.  Y.  state  mus.  p.  COl) 

Preliminary  description  of  the  faulted  region  of  Herkimer,  Fulton, 

Montgomery  and  Saratoga  counties,  (sec  14th  an.  rep't  N.  Y.  state  geol.p.  33) 
Vanuxem,  Lardner.     Geol.  3d  dist.  N.  Y.  1842. 
a  Hall,  James.     («ce  Geol.  4th  dist.  N.  Y.  p.  464) 
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Pembroke  and  Corfu,  and  Leroy*  A  quarry  is  operated  by 
J.  Merrill  near  Batavia,  but  the  greater  number  of  quarries  lie  in 
the  Oomiferous  at  Leroy,  where  much  stone  is  extracted.  ^  The 
Leroy  rock  is  dark  colored,  medium  to  fine  grained  and  is  used 
both  for  lime  and  furnace  flux.  The  principal  quarry  at  Leroy 
is  that  of  Morris  &  Strobel,  but  most  of  the  quarries  are  at  lime 
Bock  near  Leroy.  The  quarries  are  mostly  small,  and  many  of 
the  layers  cherfy,  but  those  free  from  chert  (and  they  are  at 
times  as  much  as  3  feet  thick)  are  of  very  good  quality.  The 
following  analysis  of  Leroy  limestone  from  Howells  quarry  was 
kindly  furnished  by  the  Tonawanda  Lron  &  Steel  co. 

Lime  carbonate.  .  • 02.46 

Magnesia  carbonate  «••••.••••, 1 .  86 

Silica , •     6 

Alumina  •  •  •  •..  • 6 

99.92 

A  second  analysis  made  of  a  sample  collected  by  the  writer  from 
Morris  &  Strobel's  quarry  yielded: 

Silica 5.96 

Alumina 3.16 

Ferric  oxid 1 .  34 

Lime 49.07 

Magnesia 1 .  44 

Carbon  dioxid , 40 .  13 


101.1 

The  third  analysis  shows  composition  of  lime,  furnished  by 
W.  S.  Brown  at  Leroy. 

Lime 94 

Magnesia 1.4 

Iron  oxid 1.1 

Silica.  .'•! 3.2 

Alumina 3 

100 
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Overlying  the  gypsum  beds  which  occur  in  the  town  of  Leroy 
there  is  occasionally  found  a  drab  limestone  resembling  cement 
rock  in  appearance.  The  following  analysis  was  made  of  a  sample 
from  the  land  of  Mr  Howell  near  Leroy,  D.  EL  Newland,  analyst* 

Silica. 4 .  03 

Alumina 1.48 

Ferric  oxid 1 .07 

Lime  carbonate 57 .  87 

Magnesium  carbonate 35 .  09 


99  53 


This  composition  would  not  indicate  that  the  material  had  very 
great  hydraulic  properties,  as  it  runs  low  in  clay. 

According  to  Hall^  the    hydraulic    limestone  is  exposed    on 
Aliens  creek,  2  miles  north  of  Leroy,  and  also  at  Morganville. 
*  Genesee  county  contains  several  swamps  underlain  by  marl. 

One  extensive  deposit  occurs  along  the  line  of  the  New  York 
Central  railroad  about  a  mile  west  of  Bergen,  on  the  land  of 
P.  Snyder,  and  G.  E.  Parish  and  also  on  what  is  known  as  the 
Doran  farm.  Attempts  have  been  made  to  organize  a  Portland 
cement  company  to  work  the  material.  The  following  analysis 
made  by  J.  A.  Miller,  of  Niagara  university,  was  furnished. 

Silica 49 

Alumina  and  ferric  oxid 35 

lime  sulfate 3 .  48 

Lime  carbonate 94 .  12 

Magnesia tr. 

Undetermined 1.56 


100 


Marl  is  also  said  to  underlie  the  Beaver  Meadows  at  Leroy. 


1  Geol.  4th  dist.  N.  Y.  1843.  p.  405. 


780  mW  YOKE  8TATB  MUfiSUX 

Oieene  oonnty^ 

The  only  limestone  formations  in  the  county  are  those  of  the 
Lower  Helderberg  and  Upper  Helderberg,  which  extend  acrosa 
the  eastern  part  of  the  county  from  its  northern  to  its  southern 
border,  the  two  belts  being  separated  by  the  Oriskany  sandstone. 

The  Onondaga  is  usually  represented  by  its  cherty  member, 
the  Oomif erous,  and  is  of  little  use  except  for  building  purposes 
and  road  material,  but  the  Lower  Helderberg  supplies  an  abun- 
dance of  lime  rock,  which  could  be  employed  in  several  directions. 
At  the  northern  boundary  the  Lower  Helderberg  limestone,  ridge 
is  probably  2  miles  back  from  the  river,  the  shore  lines  of  the 
Quaternary  terrace  abutting  against  it  Li  this  vicinity  it  i& 
quarried  near  New  Baltimore,  by  W.  Fuller's  Sons.  At  Catskill, 
however,  the  ridge  approaches  close  to  the  Hudson,  and  is  easily 
available  for  shipment.  Both  the  Scutella  and  also  the  under- 
lying members  are  exposed  in  the  ridge,  which  closely  foUowa 
the  river  from  Catskill  southward  to  Saugerties,  and,  while  they 
have  been  much  used  for  building,  other  uses  have  remained  in 
the  background. 

Recently  the  possibility  of  combining  the  Helderberg  limestone 
with  the  nearby  Quaternary  clays  for  the  manufacture  of  Port- 
land cement  has  been  recognized,  and  several  factories  are  in 
contemplation,  while  one  large  works  is  nearly  completed  at 
Smiths  Landing. 

TVhere  a  selection  of  certain  layers  is  to  be  observed,  the  dip 
of  the  beds  has  to  be  considered,  for  in  this  ridge  it  is  quite 
variable,  owing  to  the  folding  which  the  region  has  been  sul>- 
jected  to. 

The  Becraft  limestone  forms  the  most  massive  member  of  the 
Lower  Helderberg  in  Greene  county.  It  is  similar  in  its  char- 
acters to  that  found  on  the  eastern  side  of  the  river  near  Hudson, 
and  is  underlain  by  the  Tentaculite  and  Pentamerus.  West  of 
Catskill  it  has  been  extensively  quarried  by  George  Holdredge 

1  Mather,  W.  W.    Gcol.  1st  dist.  N.  Y.  1843. 
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(pi.  39).  The  rock  shows  the  usual  coarse  grained,  fossiliferoua 
character,  and  the  beds  He  nearly  horizontal  with  a  slight  dip  to 
the  west.  The  stone  is  quite  homogenouis,  and  a  sample  analyzed 
by  the  writer  and  representing  the  average  of  the  quarry  gave: 

SiHca 2.75 

Alumina 1.5 

Ferric  oxid 1.6 

Lime 53.1 

Carbonic  acid 42 . 1 


101.05 


The  quarries  lie  about  1  mile  from  the  river  and  the  West  Shore 
railroad. 

Herkimer  county^ 

The  Calciferous  sandrock  occurs  in  the  county  around  Little 
Falls  and  is  well  exposed  in  several  quarries  in  the  town  and  also 
on  the  south  side  of  the  river.  It  is  generally  a  light  bluish 
gray,  fine  grained,  massively  bedded  sandy  limestone  whose  weath- 
ered surfaces  are  generally  dirty  buff.  The  following  analysis 
will  illustrate  well  its  silicious  and  magnesian  character. 

Silica •   10 .  S 

Alimiina 3 .  03 

Ferric  oxid 77 

Lime  carbonate 47 .  90 

Magnesium  carbonate.  • 8G .  89 


99.15 


1  Darton,  N.  H.  Geology  of  Mohawk  valley  in  Herkimer,  Fulton,  Mont- 
gomery and  Saratoga  eounties.     (see  4/th  an.  rep't  N.  Y.  state  mus.  p.  603) 

Preliminary  description  of  the  faulted  re<Tion  of  Herkimer,  Fulton, 

Montgomery  and  Saratoga  counties,     {see  14th  an.  rep't  N.  Y.  state  geol.  p.  33) 

White,  T.  G.  Report  on  the  relations  of  the  Ordovician  and  Eo-Silurian 
rocks,  in  portions  of  Herkimer,  Oneida  and  Lewis  counties,  {see  5Ist  an.  rep't 
K.  Y.  state  mus.  1 :  r2l ) 

Vanuzem,  Lardner.    Geol.  3d  dist.  N.  Y.  1842. 
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The  other  limestone  formatioiis  found  in  the  eoimly  are  of 
much  greater  importance.  The  Helderberg  limefltonea  extend 
across  the  southern  edge  of  the  county  as  a  belt  several  miles 
wide^  whose  northern  limit  passes  through  the  towns  of  Jordan- 
yillei,  Columbia,  Oedarville  and  Cedar  Lake.  They  baye  been 
quarried  at  several  places,  Columbia  among  them,  for  lime  bum- 
ing,  but  their  distance  from  the  railroad  is  a  serious  objection. 

The  Tentaculite  limestone  is  utilized  at   Columbia  south  of 
little  Falls  for  the  manufacture  of  lime,  and  a  sample  from  A. 
Manning's  quarry  showed  the  following  .composition. 

Silica. ./• •     4.91 

Ferric  oxid • • .63 

Alumina  •  •  ...••• ••  •  • , 48 

lime 51.83 

Hagnesia ..; 1 .  16 

Carbon  dioxid. 41.9 


100.8 


The  same  quarry  shows  two  thin  layers  of  waterlime. 

The  group  of  Trenton  limestones  is  of  some  importance  in 
Herkimer  county,  but  only  the  Birdseye  and  Trenton  members 
are  present. 

Around  Little  Falls  the  Trenton  is  not  over  4  feet  thick  accord- 
ing to  Darton,  but  at  Ingham  Mills  the  rock  is  well  exposed  in 
the  lime  quarry  of  Sherman  Butler  (pi.  41),  where  nearly  16  feet 
of  good  stone  can  be  seen.  The  better  stone  is  bluish,  fine  grained 
and  massive,  but  in  the  upper  part  of  the  quarry  it  passes  into 
the  Utica  slate.  The  following  analyses  represent  its  composi- 
tion, no.  1  being  the  lower  massive  rock  and  no.  2  the  average 
of  the  quarry  face. 

1  2 

Silica 6.7  8.45 

Alumina    3.03         2.72 
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Ferric  oxid  • .  • 21  .84; 

Lime  carbonate.  • 89.15       84 . 6 

Hagnesium  carbonate tr.         3 .42 

99.09     100.03 

From  Ingbam  Mills  the  Trenton  limestone  passes  northwest- 
ward past  Salisbury  and  Norway  to  the  edge  of  the  county,  where 
it  forms  a  belt  whose  width  extends  from  Poland  to  Grant  A 
spur  also  extends  from  Poland  southeast  to  Middleville,  and  it 
is  quarried  at  Newport  by  G.  S.  Higgins,  J.  Dunn,  N.  Morey, 
W.  W.  Mosher,  G.  H.  O'Connor,  0.  Smith,  and  D.  Tuomey. 

Jefferson  county^ 

Probably  one  half  the  county  is  underlain  by  limestones,  mostly 
of  Trenton  age,  while  additional  small  areas  of  pre-Cambrian  age 
are  known  to  occur.  The  Trenton  limestone  occupies  a  more 
or  less  triangular  area,  the  towns  of  Clayton,  Carthage,  and 
Mannsville  being  approximately  in  the  comers.  The  area  is 
traversed  by  the  several  branches  of  the  Bome,  Watertown  and 
Ogdensburg  railroad. 

The  Calciferous  sandrock,  though  known  to  occur  in  Jefferson 
county,  is  usually  covered  by  the  Birdseye.  According  to  Em- 
mons* the  Calciferous  is  exposed  4  miles  south  of  Theresa  falls 
on  the  Watertown  road,  also  li  miles  east  of  French  creek  and 
near  Depauville. 

The  Birdseye  extends  across  the  county  from  east  to  west,  hav- 
ing a  breadth  of  about  10  miles.  Its  northern  edge  passes  through 
Depauville,  and  a  point  2  miles  south  of  Evans  Mills  on  Indian 
river,  thence  to  the  great  bend  on  Black  river,  and  then  to  a  point 
2  miles  southwest  of  Carthage.  The  Birdseye  is  thick  bedded, 
and  compact  and  usually  of  considerable  purity.  The  total  thick- 
ness of  this  member  is  not  over  40  feet  in  Jefferson  county. 

1  Emmons,  Et^ezer.    Geol.  2d  dist.  N.  T.  1842.  p.  868. 
S  Geol.  2d  dUt.  N.  T.  1842.  p.  380. 
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The  Black  riTer  limestone  reets  on  tbe  Birdseye  and  derives  it^ 
name  from  its  occurrence  along  tile  Black  river.  It  is  very  thick 
bedded>  but  at  Watertown  seems  to  be  formed  of  lump;  masses. 
Its  color  is  bla^,  and  not  avee  7  feet  ihick,  being  known  to 
qiiaiTTmen  as  tbe  7-foot  tier. 

The  Trenton  limestone  is  divisible  into  two  members, 
oampact,  black  stone,  and  a  gray,  crystalline  one.  The  former 
IB  sometimes  evenly  bedded,  with  masses  of  interbedded  slate; 
while  the  gray  is  often  more  massive.  Tbe  Trenton  member  first 
appears  as  a  bluff  at  Watertows,  and  southward  from  there  forms 
a  series  of  terraoed  hills.  Its  total  thickness  is  about  300  feet. 
Its  bonndaries  ext«nd  from  Obamplain  northwest  to  the  Black 
river  at  a  point  4  milee  east  of  Watertown,  thence  to  Henderyon 
and  then  south  to  Elliaborg.  The  southern  boundary  passes 
nearly  northeast  from  Mannsville  in  the  direction  of  Adams, 
Whiteeville  and  Tyleiville.  While  the  chief  use  of  the  diffwent 
Trenton  membera  haa  been  for  building,  still  it  would  make  an 
excellent  lime.  It  is  quarried  at  Oape  Vincent,  Chaumont,  Olay^ 
bm,  Pamdia,  Bedwood,  Threemile  Bay,  Theresa,  and  Watnrtown. 

Lewis  county' 

The  Trenton  limestone  extends  across  t^e  county  in  a  north- 
we!>terly  direction  and  follows  tbe  line  of  the  Borne,  Watertown 
and  Ogdensburg  railroad.  It  has  been  quarried  at  several  locali- 
ties, among  them  Leyden,  Lowville  and  CollinsviUe. 

The  Birdseye  member  is  well  exposed  along  the  road  from 
Port  Leyden  to  Leyden,  H  miles  south  of  the  former  locality  on 
the  land  of  Peter  Snyder.  The  rock  here  is  a  fine  grained,  brittle, 
light  gray  stone,  full  of  calcite  eyes.  An  analysis  of  it  made 
by  D.  H.  !N^ewland  gave: 

1  White,  T.  O.  Report  on  relations  of  the  OrdoTician  and  Eo-8ilariui  roelw 
1d  portions  of  Herkimer,  OneidK  and  Lenis  counties.  {»•  SUt  ml  r»'t  N.  Y. 
stat«  mus.  1 :  r21 ) 

TuHUBm,  Ludner.    Oeol.  3d  dist  N.  T.  1S1£. 
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Silica.  •  •  •  • • 6 .  S 

Alumina 1 .  67 

Ferric  oxid • . .        .76 

Lime  carbonate •.•.••••  88 .  44 

Kagnettum  carbonate  •  • • 2 .  68 


100.05 


This  same  stone  outcrops  for  some  distance  along  the  railroad 
track  south  of  this  point 

South  of  Leyden  and  below  the  railroad  level  is  a  large  quarry 
of  blacky  finely  crystalline  limestone  on  the  land  of  Mrs  Christy. 
The  stone  has  thus  far  been  used  for  building  purposes  only.  It 
probably  represents  the  Trenton  proper.  It  is  of  greater  purily, 
however,  as  shown  by  the  following  analysis. 

« 

SiKca 1.44 

Altunina   


!• 


83 

Ferric  oxid 

lime  carbonate   97 .  36 

Magnesium  carbonate 1 .04 


100.67 


The  Trenton  limestone  has  been  quarried  for  lime  burning  at 
Collinsville  3  miles  north  of  Port  Leyden.  The  rock  here  as 
exposed  in  Roberts's  lime  quarry  is  a  coarse  grained,  gray  stone, 
in  thin  layers  2  to  8  inches  thick  and  often  containing  irregular 
partings  of  bituminous  shale.  They  so  predominate  at  times  as 
to  give  the  rock  a  shaly  character,  and  such  portions  are  discarded. 
The  stone  makes  a  white  lime,  as  might  be  expected  from  its  low 
silica  and  iron  percentage.  The  composition  of  the  stone  as  an- 
alyzed by  Mr  Newland  is  as  follows: 

Silica '    3.09 

Alumina    1.15 

Ferric  oxid .49 
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lime  earbonate ,. , .   94 .  11 

-Uagnesiuia  carbonate 1 .  C3 

"  *'  :oo.47 

JttjLpwvOle.tlie  Trenton  Umeptone  is  exposed  in  J.  Watera's 
qaaaj,  H  miles  north  of  the  town  and  along  the  Rome,  Wate^ 
town  and  Ogdenabnrg  railroad.  The  upper  layers  are  black  lirae- 
Btone  with  calcite  spots,  while  the  lower  ones  which  are  cliicfiy 
need  are  light  grayj  finely  crystalline  stonet 
The  composition  of  Mr  Waters's  limestone  is: 

-        Silica 8.96 

Alumina   .' *  *  -  1. 1  i 

' '-     ■  Ferric  oxid  .....;..... ...  ;■. ... .,. ., j    " 

'■  ■'-  Ijme  cathonate .....;..  01.27 

Magnesium  liarbonate'  ..*i...t.~.. S.78 

.!  100.71 

Uvlngiton  Offiut:^ 

The  Helderhei^  rocks  outcrop'  in  the  northern  part  of  the 
county,  but  quarries  are  few.  The  Comiferous  limestone  has 
been  quarried  in  the  southeast  corner  of  Caledonia  township. 
The  marls  are  perhaps  of  more  importance  than  the  limestones. 
The  Wheatland  deposit  (mentioned  under  Monroe  county)  ex- 
tends into  Livingston,  and  another  is  known  1  mile  east  of  Cale- 
donia. 

One  good  deposit  has  been  opened  up  on  the  property  of 
J,  Simpson,  3  miles  east  of  Mumford  (pi.  42).  The  marl  runs 
about  6  feet  in  thickness,  and  the  upper,  20  inches  to  2  feet,  con- 
tains more  clay  than  the  lower.  At  the  junction  between  the  two 
are  numerous  shells.  Below  the  6  feet  of  marl  there  is  said  to 
be  6  feet  of  blue  clay.  Mr  Simpson's  marl  has  been  shipped  to 
Buffalo  for  the  manufacture  of  carbon  dioxid.  The  following 
is  an  analysis  of  the  upper  half. 

1  Hall,  James.     Geol.  4tli  diat.  H.  T.  p.  4S8. 


^ 


I 

V^^P 

Wr 

1 

^^B 

^I^^KF^ 

1 

'^^^JbK^k 

^^^^HBd^l 

■ 

'^^R^< 

^kBSMv  *^^^^| 

1 

1 

w 

5 

Ml 

f/^r  i 

1 

s 
1 

fl 

Vwf  M 

1 
1 

w 

is 

]BB  /j^B 

1 

ll> 

'  *fl 

■ 

D^ 

ffW 

jBw  ^^^^1 

1 

-$l 

r^H 

1 
1 

! 

1 

fl 

a 

H 

m 

i 

LIMB    AND    CEMENT    INDUSTBIE3  793 

Silica  .  .V ..^.\, .....     1*1' 

.  Ferriooxid ^ 

lime  carbonate 97.4    .  ,. 

Hagnesium  carbonate  ...•«•.•.•.••,••* tr 

Inspluble-.  .  .  ......  ^. 026 


t\ 


It  18  reported  that  a  Portland  cement  plant  will  be  erected  at 

this  locality.     ... 

Hadison  county^ 

Madison  county,  has  limestones  of  Niagara  and  Lower  Helder- 
berg  age  and  Quaternary  marls. 

The  Niagara  limestone  crosses  the  county  as  a  narrow  belt 
from  Bridgeport  to  near  Oneida  Castle,  the  former  locality  be- 
•ing  situated  on  its  northern  edge.  Owing  to  the  heavy  covering 
of  drift,  and  the  swampy  character  of  the  region  in  many  places, 
outcrops  are  scarce.  It  is,  however,  quarried  at  Oneida  by 
Mrs  C.  L.  Faulkner  and  about  IJ  miles  northeast  of  Cahastota  by 
Stout  Bros,  on  the  South  Bay  road. 

The  outcrops  of  Lower  Helderberg  limestone  extend  through 

the  central  part  of  the  county  in  a  rather  sinuous  belt,  passing 

TBOUth  of 'Chittenango  and  through  Chittenango  Falls,  Perryville, 

"Blakeslee^  Cottons,  Siloam,  Stockbridge  and  Munnsville.    Mate- 

rial  for  lime-maldng  is  quarried  at  a  number  of  these  points. 

Cowaselon  swamp  is  an  extensive  swampy  area  extending 
froTn.:the  northern,  edge  of  Canastota  westward  to  the  county 
boundary.  Owing  to  the  richness  of  its  soil,  extensive  ditches 
have  been  dug  for  draining  the  area,  and  in  the  excavation  of 
tkese  much  marl  has  been  exposed.  One  of  the  best  sections 
is  along  the  Douglas  ditch  and  its  feeders  east  and  west  of  Onion- 
town,  8  miles  north  of  west  from  Canastota.  Here  at  least  6  feet 
of  marl  is  exposed  in  the  sides  and  bottom  of  this  ditch.  On 
F.  Fennock's  land  west  of  Oniontown  the  marl  is  said  to  be  30 
feet  thick.    The  marl  is  covered  by  3  feet  to  4  feet  of  sand  and 

1  Vanuxem,  Lardner.    Geol.  3d  dist.  N.  Y.  1842. 
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organio  matter.    Whether  or  not  day  nnclerlies  the  mail  b  not 
known. 

Marl  alao  occnrs  on  the  land  of  J.  0.  Anstfai,  S  mflea  north  of 
Oanafitota,  and  about  a  foot  of  it  is  exposed  in  the  ditoh  in  J.  D. 
Conley'a  land,  1  mile  north  of  town  (pL  48,  44)-  So  far  u 
known  none  of  this  marl  has  thns  far  been  ntilised.  The  foIlo1^ 
ing  is  an  analysis  of  the  materiaL 

Snica ..•.  ».l 

Alumina • • • 

Ferric  ozid 

lime  carbonate •• 87*1 

Kagnesinm  carbonate  .  • • 2.81 

Insoluble  and  organic  matter  •••••. 11 

t  Aaother  deposit  of  marl  is  found  south  of  CSiittenango  Falk 

Honroe  oonnty^ 

The  Niagara  is  the  most  prominent  and  extensiTe  limestone  in 
the  county,  though  Clinton,  and  Onondaga  are  also  known. 
Quaternary  marl  is  likewise  found. 

The  Niagara  limestone  extends  across  the  county  as  a  belt 
several  miles  wide,  its  northern  edge  passing  through  the  towns 
of  Penfield,  Brighton,  Ogden,  Oates  and  Sweden.  The  upper 
magnesian  member  generally  forms  the  outcrops,  and  the  weath- 
ered surface  of  the  rock  has  a  peculiar  granular  and  spongy  ap- 
pearance. The  upper  member,  or  Guelph  limestone,  is  a  grayish 
brown,  finely  crystalline  limestone  containing  numerous  smaU 
cavities.  The  rock  is  very  low  in  silica  and  has  a  large  amount 
of  magnesia,  making  it  well  adapted  for  refractory  linings  in 
furnaces.  The  lower  beds  of  Niagara  limestone  are  hard,  com- 
pact and  generally  highly  silicious  in  Monroe  county.  The  Ni- 
agara shale  underlies  the  Niagara  limestone,  and  the  transitional 
beds  between  the  two  sometimes  furnish  a  natural  cement  rock. 
Beds  of  this  nature  outcrop  at  Shelby  falls  in  the  town  of  Barre. 

1  Hall,  James.    Geol.  4th  dist.  N.  Y.  p.  422. 
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The  loweT  member  of  the  Xiacara  limestone  is  used  only  for 
building  and  road  material,  but  the  upper  member,  or  Guelph, 
is  extensively  sought  for  lime-making. 

In  quarrying  it  for  this  purpose  the  massive  layers  are  preferred 
to  the  cellular  ones,  as  it  is  claimed  that  they  yield  a  better  grade 
of  lime.  Owing  to  its  magnesian  character,  the  lime  is  not  very 
fat  and  consequently  does  not  develop  as  much  heat  in  slaking  as 
one  made  from  a  pure  stone. 

A  group  of  quarries  is  located  at  Snyder  street  and  Frost  ave- 
nue, Rochester,  and  known  as  the  Pike  quarries  (pi.  45).  The 
flection  exposed  in  the  Guelph  rock  is  about  18  feet  thick,  and  the 
upper  5  feet>  which  is  free  from  cavities,  is  said  to  make  the  best 
lime.  Near  the  bottom  is  a  4  foot  layer  called  by  the  quarrymen 
the  '*  Hogback  ^',  which,  it  is  claimed,  does  not  make  a  good  lime. 
Some  stone  is  being  dra^vn  from  this  quarry  to  Mrs  J.  Hurd's 
limeldln  at  JeflFerson  and  Seward  avenues.  The  lime  from  this 
kiln  is  used  chiefly  for  mortar  but  is  also  utilized  to  some  extent 
by  the  glass  works  at  Rochester. 

The  lower  member  of  the  Niagara  limestone,  which  is  not  fit 
for  lime-making,  is  extracted  on  North  Goodman  street  near 
Northwest  avenue,  in  the  quarries  of  Foery  &  Kastner,  Whit- 
more,  Rauber  &  Vicinus,  and  Lauer  &  Hagaman.  The  stone  is 
a  medium  bedded,  hard,  fine  grained,  silico-magncsian  limestone. 

The  Qiielph  rock  is  quarried  most  extensively  at  Rochester, 
but  also  at  Penfield  and  East  Penfield.  Good  exposures 
occur  in  the  quarry  of  Lauer  and  May  at  Brighton,  2  miles  east 
of  Rochester  (pi.  48).  The  rock  is  used  for  lime  and  gives  a 
limipy  product  of  yellowish  color.  The  following  analysis  sets 
forth  well  its  magnesian  character  and  its  comparative  freedom 
from  silica. 

Silica 1.12 

Alumina    27 

Ferric  oxid 39 

Lime 29.38 
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100.65 

If  tliia  rock  stowed  ttia  same  cliaracter  at  other  points,  it 
■would  show  it  to  be  an  important  bed,  and  to  determine  this 
additional  analyses  were  made  by  Mr  Newland.  The  first  of 
these  represents  the  average  of  several  samples  taken  from 
Snow's  quarry  at  Gates  near  ~  er. 

Silica   , 7 

Magnesia,    30 .  05 

Lime    30.5 

Alumina    ,  05 

Ferric  oxid .8 

Carbon  dioxid 45 .  24 

Ignition 073 

Undetermined    2 .  GST 

The  last  analysis  is  of  a  sample  f  im  the  Ooneland  quarry  in 
Rochester,  collected  by  G,  van  Ingen. 

Silica 29 

Alumina 43 

Ferric  oxid 46 

Loss  on  ignition 07 

Lime  carbonate    66 .  01 

Magnesium  carbonate   43 . 3 

100.56 

This  shows  the  rock  to  be  an  almost  pure  dolomite. 
The  Clinton  also  occurs  in  Monroe  county,  and  is  to  be  Been 
outcropping  at  the  middle  falls  in  the  gorge  of  the  Genesee  river 


^ 


i'  ii 

If' 


^ 


LIME   AND   CEMENT   INDUSTRIES  797 

at  Eocliester.  No  analyses  of  it  are  available,  but  it  is  thin  and 
imimportant. 

The  Lower  Helderberg  limestone  occurs  sparingly  along  the 
southern  edge  of  the  county,  but  is  not  quarried. 

The  Quaternary  marls  and  tufas  are  of  some  importance  in 
the  county.  The  tufa  is  at  times  sufficiently  extensive  to  be 
used  for  burning  into  lime,  and  it  is  also  massive  enough  for 
structural  work,  a  church  having  been  constructed  of  it  at  Mum- 
ford. 

Marl  occurs  at  several  localities  in  the  county.  Perhaps  the 
largest  area  is  that  along  Aliens  creek  near  "Wheatland,  this  bed 
extending  into  Livingston  county.  At  some  points  the  marl  is 
overlain  by  calcareous  tufa  to  a  depth  of  3-4  feet.  Hall^  gives 
the  length  of  the  marl  swamp  as  3  miles,  and  its  breadth  as  from 
half  a  mile  to  1  mile.  At  Mumford  the  tufa  is  well  exposed  in 
a  cedar  swamp  on  the  farm  of  Oliver  Allen,  J  mile  east  of  Mum- 
ford  station.  It  contains  stems  and  leaves  of  cedar  (pi.  49).  Its 
composition  is  as  follows: 

Silica .5 

Alumina )  ^ 

Ferric  oxid ) 

Lime  carbonate 94.1 

Magnesium  carbonate 2.3 

Insoluble .5 


99.4 


Under  the  tufa  is  a  bed  of  marl.  On  the  property  of  Mr 
Ward,  a  florist  in  Mumford,  tufa  was  encountered  in  sinking  a 
well,  but  at  this  point  it  was  underlain  by  blue  clay.  Marl  also 
underlies  the  cemetery  at  Mumford. 

According  to  Prof.  Hall,  another  extensive  deposit  of  marl 

occurs  along  Mill  creek,  beginning  at  its  source,  and  extending 

■ -  - 

>  Geol.  4th  diBt  N.  Y.  p.  429. 
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to  Oady  sound.  Tufa  forma  in  exposed  situations  along  tbe 
deposit. 

Agaia  in  tlie  town  of  Riga  on  the  land  of  ilr  Knowley,  a  de- 
posit of  marl  of  unknow-n  depth  covers  30  or  40  acres.  It  has 
been  penetrated  10  or  15  feet  without  finding  bottom.  The 
upper  3  feet  is  very  pure,  but  the  lower  part  is  sandy. 

The  marl  has  been  used  for  enriching  soils,  with  very  good 
reaultB  ^t  several  points  in  the  county, 

Houtgamery  county' 

G«od  exposures  of  the  Calciferous  occur  near  the  New  York 
Centr&l  railroad  at  Amsterdam  and  St  Johnsville,  Canajoharie 
and  TribeebilL 

According  to  Darton  the  Trenton  limestone  reaches  its  maxi- 
mum thickness  at  Fort  Plain,  where  it  is  9  feet,  but  decreases  to 
7  feet  at  St  Johnaville.  The  limestone  varies  sometdmea,  being 
massive  at  Trihcahill,  and  at  other  places  ahaly.  In  the  Tribea- 
hill  quarriee  12  to  15  feet  of  massive  stone  is  exposed-  Other 
exposures  are  seen  in  the  (luarriea  north  of  Amsterdam. 

At  D.  0.  Hewitt's  quarry,  1  mile  north  of  Amsterdam,  tho 
Trenton  rock  has  been  used  for  lime.  In  the  upper  quarry  the 
stone  is  coarse  grained,  and  the  layers  in  upper  portion  of  tho 
quarry  are  quite  impure  and  shaly.  The  rock  from  this  upper 
quarry  bums  to  a  brown  lime.  In  the  lower  quarry,  which  ii 
just  below  Hewitt's  limekiln,  the  stone  is  much  purer  and  more 
massive  than  that  of  the  upper  quarry.  The  lower  layers  are 
harder,  are  light  gray  and  are  said  to  make  a  whiter  lime.  Under 
this  comes  a  bed  of  lime  rock  which  is  practically  non-elaldng 
and  seems  to  have  hydraulic  properties.     The  lime  made  at  this 

1  Darton,  N.  H.    Preliminary  descriptioi 
Fulton,  Montgomery  and  Saratoga  eountiea   («eo 
geol.  p.  33) 

Goology   of  Mohawk   valley  in   Herkimer 

S.iratoga  eounties.   (dec  47lh  an.  rep't  N.  Y.  pinte 
.,  Lardner.    Geol.  3d  dial.  N.  Y.  1842. 
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quarry  is  ftlrlj  wliite.     The  comp-^aaon  cwf  the  lower  limestone 
runs: 

Silica 6.13 

Alumina .79 

Ferric  oxid .61 

lime  carbonate 8$. 49 

JAagnesium  carbc*nate 2. 45 


9S.4 


4 


The  upper  beds  showed  S.92^  of  insoluble  matter.  There  is 
evidently  considerable  variation  in  the  upper  layer,  as  a  com- 
parison of  the  foregoing  analysis  with  the  first  of  the  following 
three  shows.  They  were  made  by  J.  M.  Sherrerd  and  published 
in  19th  annual  report  U.  S.  geological  survey,  pt  6. 

Upper  layer     Intermed.         Lower 

SiUca 1.25       3.82       6.68 

Ferric  oxid 


f 


.,      .  r     3  1.08       ?.76 

Alumina 

Lime 62.78     62.46     62.12 

Magnesia ,. 

Undetermined  (CO,?) 42.97     42.64     39.44 

Another  limestone  quarry  has  been  opened  by  George  lloss  on 
the  eastern  edge  of  the  to^vn.  The  rock  has  thus  far  been  used 
as  building  stone.  It  contains  some  sandy  streaks,  which  could 
be  separated  if  the  stone  were  to  be  burned  into  lime.  The  aver- 
age composition  of  the  stone  is: 

Silica 7.4G 

Alumina 2.48 

Ferric  oxid 1 .  07 

Lime  carbonate 71 .  70 

Magnesium  carbonate 18.19 

This  rock  is  probably  Calciferous  and  not  Tronton,  judging 
from  its  magnesian  character.  Portions  of  the  rock  in  the  caslcrn 
end  of  the  quarry  run  as  low  as  4;^  in  insoliil)lo  matter.    » 

Other  quarries  have  been  opened  at  Caiiajoharie,  Palatine 
Bridge,  and  St  Johnsville  there  being  a  large  nuinbcr  at  the  last 
town. 
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Utiw  York  county* 

There  is  an  extenrnve  exposure  of  wbite  crystalllDe  limestone 

of  Cambro-Silurian  age  on  the  west  side  of  the  Harlem  river,  at 

and  south  of  Kingsbridge;  several  exposures  also  occur  in  Morri- 

eania,  and  at  other  pointa  in  the  county. 

The  two  following  analyses  of  the  white  limestone  from  Kings- 
bridge  were  kindly  fnrniahed  by  Mr  G.  A.  Stone : 

Silica 

Ferric  ozid  and  alumiiia 1.06  3.33 

Lime 33.57         37.33 

Magnesia 10.03         17.99 

Viagan  oonnty' 

Limestone  passes  through  the  towns  of  Boyaltcm,  Lock- 
port,  Cambria  and  Lewiston,  In  this  coun^  tbe  Gnelph,  or 
magneaian  member,  ia  missing,  but  the  lower  member  is  of  in- 
creased  thickness.  The  lower  beds  overlying  the  shale  are  apt 
to  be  somewhat  silicious,  bnt  tlie  upper  ones  are  a  orinoidal 
limestone  of  greater  purity. 

The  following  section  of  beds  composing  the  l^iagaia  limestone 
at  Lockport  ia  given  by  Prof.  HalL* 

5  Thinly  laminated,  blackish  gray  limestone  with  thin  laminae 
of  bituminous  shaly  matter,  the  whole  exhibiting  a  tendency  to 
a  concretionary  or  contorted  structure  and  the  surface  of  the 
layers  marked  by  small  knobs. 

4  Grayish  brown  bituminous  limestone,  the  lower  part  with 
irregular  cavities  containing  spar. 

3  A  dark  colored  limeBtone  with  cavities  and  veins  of  spar 
often  concretionary, 

2  Irregularly  thick  bedded  limestone  of  a  light  gray  color,  also 
containing  cavities  lined  with  spar. 

1  Kemp,  J.  F.  Geologj  of  Manhnttan  island,  (see  Trans.  N.  Y.  kckd.  ad. 
18BB.  7:  4B-fi4) 

.    Merrill,  F.  J.  H.    Crystalline  rocks  ot  southeastern  New  York,    (IM 

60th  an.  rep't  N.  Y.  state  muB.  1898,  1:  2-31) 

Mather,  \V.  W.    Geol.  Ist  dist.  N.  Y.  1843. 

a  HaJI,  James,     (see  Geol.  4th  dist.  N.  Y.  p.  440) 

Grabftu,  A.  W.    Guide  to  the  geology  and  paleontology  of  Niagaxft 

Falls  and  vicinity,     {gee  Bui.  46.  N.  Y.  state  mus.  1901) 

8  Geol.  4th  dUt.  N.  Y.  B.  89. 
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1  Encrinal  limestone  containing  numerous  crinoid  stems, 
light  gray  in  color  but  often  spotted  with  red. 

Samples  for  analyses  were  taken  by  the  writer  from  a  quarry 
by  a  limekiln,  li  miles  east  of  Lockport  and  along  the  canal. 
The  rock  in  this  excavation  is  a  light  gray,  fine  grained,  massive 
limestone  containing  numerous  fossils,  which  often  occur  in  large 
aggregates.  The  upper  layers  of  the  quarry  are  thinner  and  more 
argillaceous  than  the  lower  ones. 

The  composition  of  the  Niagara  limestone  in  this  quarry  is 
shown  by  the  following  analysis  made  by  D,  H.  Newland. 

Silica 7.09 

Alumina 2 .  57 

Ferric  oxid .96 

Lime  carbonate 56 .  19 

Magnesium  carbonate  • 33 .  42 

100.23 

South  of  the  town  of  Niagara  Falls  the  Niagara  limestone  is 
quarried  for  burning  into  lime.  The  quarry  is  owned  and  oper- 
ated by  William  Messing.  The  following  is  an  analysis  of  his 
stone  made  by  the  writer. 

lime 32.21 

Magnesia 17 .  45 

Alumina 1.3 

Ferric  oxid .75 

Silica 1.7 

Carbon  dioxid 46 .  79 


100.2 
Oneida  county^ 

The  Helderberg  limestones  extend  across  the  southern  part 
of  the  county  and  are  crossed  by  both  the  Utica,  Bingliaiuton 

1  Prosser,  C.  S.  &  Cumings,  E.  R.  Sections  and  thickness  of  the  I^wer 
Silurian  formations  on  West  Canada  creek  and  in  the  Mohawk  valley. 
{ttee  15th  an.  rep't  N.  Y.  state  geol.  p.  23) 

White,  T.  G.  Report  on  relations  of  the  Ordovician  and  Eo-Silurian  rocks 
in  portions  of  Herkimer,  Oneida,  and  Lewis  counties,  {see  Slat  an.  rep't  N.  Y. 
state  mus.  1 :  r21 ) 

Vannxem,  Lardner.    Geol.  3d  dist.  N.  Y.  1842. 
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branch  and  XJtica  branch  of  the  Delaware,  Lackawanna  &  West* 
em  railroad. 

In  the  eastern  part  of  the  county  the  Trenton  limestone  extends 
from  Poland  to  Boonville  in  a  belt  several  miles  wide  follow- 
ing the  line  of  the  Eome,  Watertown  &  Ogdensburg  railroad. 
The  Trenton  has  been  quarried  at  Prospect  along  West  Canada 
creek.  Prof.  Smock  states^  that  a  sample  tested  contained  94.82;^ 
lime  carbonate. 

An  analysis  from  this  same  quarry  made  by  J.  D.  Irving  gave: 

Silica 2.59 

Alumina •  •  1 .  21 

Ferric  oxid .61 

lime 62 

Id^gnesia 1.04 

Carbon  dioxid  •  • 42 


99.45 


Prof.   A.   H.    Chester,  of  Rutgers  college,   ISew  Brunswick 
{N.   J.)   has  kindly  furnished  the  writer  with  the  following 

analyses. 


=C9C 


L0OALXTII8 


1  Quarries    near    Clinton,   Oneida    co. 

i^  •    X     ••  •• ••••••••••§■■• 

2  Quarry  near  Clinton  (dark) 

3  Same  **  (Hprht) 

4  ^uarK^  •••••••••••• 

5  Another  »'  

6  "  •*  

7  Oriskany  Falls.  0neld%  co.  N.  Y 

8  Oriskany  Fa>ls.  Oneida  co.  N.  Y 

9  Oriska-  y  Fal's,  Oneida  co.  N.  Y.... 

10  OrisWany  Falls,  Oneida  co.  N.  Y 

11  Oriiik'iny  FaUs.  Oueida  co.  N.  Y 

18  Quarry  near  Clinton 


CaO 


48.68 

52.53 

35.25 

43.  •« 

48  82 

6'»  2% 

60.47 

63.69 

60.25 

60.8 

60.98 

58.62 


MgO 


1.84 
.69 
8.94 
6  08 
1.48 
1 

.83 
.84 
1.11 
1.01 
.85 
.46 


and 
AljOj 


(8) 


1.64 
.80 


1.6 
1.65 
1.55 
2.14 
1.85 
1.38 
.95 


CO 


2 


40.29 

42.08 

87. f2 

40.66 

89.99 

40.49 

40.67 

42.83 

4'i.7 

41.0} 

40.»'7 

42.54 


SIO 


2 


T.28 
1.02 


6.58 
6.66 
8.67 
6.66 
6.46 
6.82 
2.48 


8 


.21 


.8 

.*! 

.14 

.18 

.12 

.f7 

.01 


TOTIL 


99.89 
97.63 


99.07 
99. '9 
100.12 
00  04 
»9.7« 
M)  8 
09.98 


The  Niagara  limestone  extends  eastward  from  Madison  county 
as  a  thin  belt  passing  through  Oneida  Castle  and  Vernon. 

The  Lower  Helderberg  is  prominent  in  the  southern  part  of 
tlie  county,  with  qnan-ies  at  Oriskany  Falls  and  Caseville. 


1  Bui.  10.    N.  y.  state  mus.  p.  246. 
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At  the  former  locality  there  are  two  quarries  just  north  of  the 
town  and  close  to  the  Clinton  and  Binghamton  railroad.  Both 
are  owned  by  the  Putnam  estate,  and  the  upper  quarry  (pi.  60), 
or  that  nearest  the  town,  is  used  for  lime,  while  the  lower  one  is 
worked  partly  for  road  metal  and  partly  for  flux  used  at  the 
Franklin  furnace  near  Clinton. 

The  following  analysis  represents  the  average  of  samples  taken 

from  the  lime  quarry. 

Silica 4.45 

Ahmiina )      o 

Ferric  oxid ]    '^ 

Lime  carbonate   89 . 4 

Magnesium  carbonate 6.76 

Insoluble 4. 75 

Onondaga  county^ 

Some  of  the  largest  limestone  quarries  in  New  York  state  are 
situated  in  Onondaga  county.  The  limestones  quarried  are  the 
Niagara,  Lower  Helderberg  and  Upper  Helderberg.  The  purest 
limestone  in  the  county  is  furnished  by  the  Stromatopora  beds 
and  known  as  the  "  diamond  blue  "  rock.  Much  stone  of  good 
grade  is  however  also  furnished  by  the  Lower  Helderberg  rock, 
notably  west  of  Syracuse. 

The  Niagara  limestone  is  exposed  at  several  places  from  the 
northwest  comer  of  the  county  to  Bridgeport.  It  generally 
forms  a  low  ridge.  At  Diedrich's  quarry  in  Lysander  village, 
where  it  has  been  operated  for  a  number  of  years,  the  magnesian 
Niagara  limestone  is  6  feet  thick  and  of  dark  gray  color.  Near 
Baklwinsville  it  is  4  feet  thick  but  rather  shaly.  In  Cicero  it 
is  3  feet  thick  and  was  formerly  used  for  making  lime.  As  a  rule 
the  Niagara  limestone  can  be  easily  quarried. 

1  Luther,  D.  D.  Economic  geology  of  Onondaga  co.  {see  15th  an.  rep'tN.  Y. 
jjtate  ^eol.  p.  237) 

Lewis,  F.  H.  The  Empire  port^and  cement  plant  at  Warner,  N.  Y.  {see  Kng. 
rec.  38.  no.  7,  p.  130) 

Schneider,  P.  F.     Limestones  of  central  New  York,     (see  Stone,  18:  26) 

Vanuxeni,  I^rdner.     Geol.  3d  dist.  N.  Y.  1842. 
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The  Lower  Helderberg  rocks  of  Onondaga  county  are  mostly 
dark  blue  and  fine  grained,  occurring  in  beds  1  to  6  feet  thick. 
They  weather  to  a  bluish  gray.  Most  of  them  are  fairly  pure 
but  at  times  contain  some  magnesia  or  clayey  material.  The 
pure  beds  are  the  important  lime  producers  and  are  used  for 
structural  work  in  the  county. 

Two  beds  of  hydraulic  limestone  lie  near  the  top  of  the  group, 
and  according  to  Luther  are  often  separated  by  4  feet  of  impure 
limestone.  In  the  eastern  part  of  the  county  the  upper  layer  is 
4  feet  thick,  but  it  pinches  out  in  the  Splitrock  quarry  west  of 
Syracuse  to  reappear  again  near  Marcellus  Falls,  where  it  is  2 
feet  10  inches  thick  in  Watkins  quarry,  and  reaches  4  feet  in 
Oorrigan's  quarry  at  Skaneateles.  As  at  the  latter  place  it  is 
only  separated  from  the  lower  bed  by  a  shaly  layer,  the  two 
practically  form  one  bed  9  feet  6  inches  thick. 

At  Manlius  the  beds  are  separated  by  4  feet  of  blue  lime- 
stone  and  at  Street's  quarry  near  Onondaga  Hill  by  1  foot  8 
inches,  at  Marcellus  Falls  by  1  foot  7  inches,  and  at  Skaneateles 
they  are  together. 

Luther  gives  the  following  thicknesses  for  the  lower  waterliine 
layer  in  Onondaga  county. 

rsrr  incbbs 

Manlius,  J.  Behan's  quarry ,. .  4 

Jamesville,  E.  B.  Alvord  4 

Brighton,  Britton  and  Clark 5 

Skaneateles,  Corrigan's  quarry 6 

At  Splitrock  the  upper  member  occurs  in  the  southeastern  part 
of  the  quarry  but  is  wanting  in  the  western  portion,  its  place 
being  occupied  by  a  9  foot  bed  of  blue  limestone. 

The  hydraulic  limestone  in  Onondaga  county  is  brittle,  com- 
pact, fine  and  even  grained.  It  is  dark  colored  with  a  conchoidal 
fracture  but  weathers  to  a  light  color.  The  beds  are  generally 
well  defined  but  do  not  as  a  rule  contain  any  fossils.  The  rock 
was  discovered  in  1S18  in  connection  with  work  on  the  Eric 
canal.    As  in  other  cases  attempts  were  made  to  bum  the  stone 
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for  lime,  but  it  was  found  that  it  would  not  slake.  The  cement 
rock  quarries  are  generally  near  the  summit  of  the  Helderberg 
escarpment,  and  covered  by  a  little  other  rock,  which  is  first 
stripped  and  used  for  building  purposes  or  road  material. 

The  limestone  obtained  from  the  Stromatopoia  beds  is  locally 
known  as  diamond  rock  or  diamond  blue,  and  is  the  stratum  com- 
monly used  for  the  manufacture  of  lime ;  the  same  kilns  are  used  for 
burning  either  lime  or  cement.  Those  used  in  Onondaga  county 
are  oval  with  a  diameter  of  10  feet  at  the  top,  12  in  the  middle 
and  Si  at  the  bottom.  They  are  28  to  42  feet  deep  and  are  gen- 
erally built  of  limestone  with  a  lining  of  fire  brick.  In  starting 
the  kiln  a  cord  of  4  foot  wood  is  put  in  the  bottom,  oyer  this  4 
inches  of  anthracite  coal,  then  1  foot  of  limestone,  more  coal  and 
alternating  layers  of  stone  and  coal  to  the  top.  It  takes  10  tons  of 
coal  and  15  cords  of  stone  to  fill  a  kiln,  and  this  gives  1600 
bushels  of  lime.  After  the  kiln  has  been  burning  two  or  three 
days  the  first  draw  of  250  to  300  bushels  can  be  made  at  the  bot- 
tom of  the  kiln.  The  cement  is  of  course  ground  before  use. 
The  most  important  producers  in  the  county  are :  A.  E.  Alvord 
of  Syracuse,  quarry  and  kilns  at  Syracuse;  J.  Behan  estate, 
quarry  and  kilns  at  Manlius;  E.  B.  Alvord  &  Co.  Jamesville; 
Britton  &  Clark,  Rock  Cut. 

Most  of  the  limestone  quarried  in  the  county  is  used  by  the 
Solvay  process  co.,  of  Syracuse,  in  the  manufacture  of  soda  nsh. 
This  firm  has  a  very  large  quarry  at  Splitrock,  about  5  miles  west 
of  Syracuse,  from  which  it  has  been  taking  over  250,000  pounds 
annually.  Recently  the  supply  has  been  decreasing,  and  the  com- 
pany is  obtaining  stone  in  part  from  A.  E.  Alvord  &  Cu/s  (|iiarry 
at  Manlius. 

No.  1  shows  the  composition  of  lime  made  from  the  stone  in 
E.  B.  Alvord  &  Co.'s  qnarry  at  Jamesville,  the  analysis  being 
made  by  F.  E.  Engelhardt. 

Lime 91 .  93 

Mrgnesia 3 .  UG 
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• 

Insoluble .••••• • •  •  1 .  88 

'    Sulfuric  aniiydrid • .  • .  •  .73 

Ferric  ozid  and  ^alumina  •••••• 8 .03 

The  oompofiition  of  the  limestone  in  Alvord's  quarry  is : 

Silica •  •  •  • •  •  • .  •  1. 6 

Alumina  and  ferric  oxid • .7 

Lime  carbonate  ..•••• •..•.••••.•••  97 

iMagnesium  carbonate •  •  • •  •  1.11 


This  same  quarry  also  contains  seTcral  layers  of  cement  rock, 
of  which  the  following  are  analyses. 

Upper  layer  Lower  layer 

Silica 10.97  10.95 

Alumina 4.46  6.32 

Ferric  oxid  .  • 1 .  54        1.3 

lime 27.51  30.92 

Magnesia 16.9  13.64 

Carbon  dioxid 37.94  38.31 


The  composition  of  the  blue  lime  in  the  Splitrock  quarry  of  the 
Solvay  CO.  is  as  follows: 

Silica 5.35 

Alumina .56 

Ferric  oxid .61 

Lime  carbonate 85 .  41 

Magnesium  carbonate 18 .  86 


I'he  Upper  Helderberg,  in  Onondaga  is  a  light  gray  semicrystal- 
line  limestone,  the  layers  being  separated  by  partings  of  shale. 
The  rock  is  at  times  variable  in  its  character  and  may  at  times 
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become  argillaceous.    Cherty  layers  are  sometimes  common  in  the 
upper  part  of  the  formation. 

The  chief  value  of  the  Corniferous  is  as  a  Inulding  stone, 
though  many  portions  of  it  are  adapted  to  the  manufacture  of 
lime.  Many  quarries  have  been  opened  in  it,  and  the  largest 
now  in  operation  is  at  the  Indian  reservation  in  the  Onondaga 
Talley. 

The  Onondaga  group  of  limestones  has  a  total  thickness  of  60 
feet  at  the  eastern  edge  and  70  feet  at  the  western  edge.  The 
Comiferous  is  usually  found  at  the  top  of  the  Helderberg  escarp- 
ment. At  Green  lakes,  2  miles  north  of  Jamesville,  25  feet  of 
Onondaga  stone  is  exposed.  At  the  Splitrock  quarries  about  12 
feet  of  Comiferous  is  exposed  in  the  southwest  corner,  and  in 
A*  E.  Alvord's  quarry,  i  mile  east  of  Manlius,  17  feet  6  inches  is 
exposed.  Maylie's  quarr}-,  i  mile  southeast  of  !Nrarcelhis,  shows 
the  upper  layers  of  the  Comiferous,  and  they  are  also  to  be  seen 
in  John  Clancy's  and  M.  Hogan's  quarry  near  there.  Maylie's 
stone  is  used  in  part  for  lime. 

Marl  abounds*  in  many  of  the  small  lakes  around  Dewitt  and 
Manlius.  Cicerfi  swamp  is  underlain  by  an  extensive  deposit,  and 
the  marshes  near  Dewitt  and  ]\ranlius  also  contain  it.  Other  beds 
are  in  Camillus,  Elbridge  and  southern  part  of  Van  Buren  near 
the  Erie  canal. 

Two  important  Portland  cement  plants,  the  one  at  Jordan,  the 
other  at  Warner  utilize  this  material. 

They  are  described  in  another  portion  of  the  report, 

Ontario  connty^ 

The  Lower  and  Upper  Helderberg  cross  the  county,  the  north- 
em   boundary  of  the    belt    coinciding    approximately  with    tho 

1  Luther,  D,  D.    Economic  geology  of  Onondaga  county,  {sec  15th  an.  rep't 
N.  Y.  aUte  geol.  p.  237 ) 

3  Clarke,  J.  M.    Brief  outline  of  the  geological  Buccession  in  Ouiario  county, 
N.  Y.  {see  4th  an.  rop't  N.  Y.  state  geol.) 
Hall,  James.    Geol.  4th  dist.  N.  Y.  p.  453. 
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Leliijih   Valley  railroad.     Quarries   Lave  been   opened   in   it  i 
Phelpa. 

Hall'  states  that  marl  underlies  the  marsh  bordering  Flh 
creek  Bouth  of  the  village  of  Bethel,  and  probably  t 
the  swamp  near  Victor,  as  well  as  in  the  swamps  at  the  heads  0 
Hemlock  and  Canadice  lakes. 

OiBnge  and  Rockland  counties' 

In  Rockland  and  Orange  counties  there  begins  another  g 
of  belts  of  the  Camhro-Siluriiin  nieatone  formation,  whlt-li  o*--! 
tend  in  a  northeaBterly  direction.  These  same  belts  continu*  J 
across  the  river  into  Dutchess  county  and  also  extend  iip  int^il 
Columbia  county.  In  the  latter,  hoivevcr,  they  are  so  unimport 
as  not  to  be  worth  considering. 

The  Cambro-Silnrian  limestones  are  found  at  several  places  in 
Orange  coimty.  One  area  occurs  around  Central  Valley  (pi.  57) 
and  Turner,  extending  thence  westward  to  Monroe.  It  is  finely 
ciTV'slalline,  light  bluish  gray,  and  rather  siUcious;  still  it  is  used 
for  luue.  Another  area  extends  from  a  point  about  2  miles  south 
of  Sugarloaf  past  Stone  Bridge,  "Warwick  and  New  Milford  into 
New  Jersey. 

Its  character  in  this  area  ia  similar  to  that  of  the  limestone 
around  Monroe  and  Turner,  and  a  quarry  has  been  opened  in  it 
'2  miles  south  of  Goshen,  on  the  road  to  .Warwick. 

It  may  at  times  become  quite  silicions,  showing  as  much  u 
18^  silica,  and  there  may  also  be  a  variation  between  the  different 

1  Geol.  4th  dist.  N.  Y.  p.  4,iS. 

2  Barrett,  S,  T.  Notes  on  the  Lower  Eelderberg  rocks  of  Port  Jervia,  K.  Y. 
(tee  Am.  jour.  BCi.  3d  ser.  13:  3S5) 

Darton,  N.  H.  Area  of  Upper  Silurian  rocke  near  Cornwall  Station,  es«t- 
eni  central  Orange  county,  N.  Y.     laee  Am.  jour.  eci.  1386.  3d  aer.  31:  209} 

Geologic  relations  from  Green  pond,  N.  J.,  to  Skuunemunk  mountain, 

N.  Y.     (see  Bui.  6.    Geol.  boc.  Am.  p.  367) 

Dwight,  W,  B.  Calciferous  as  well  aa  Trenton  fosails  in  the  Wappin^r 
limestone  nt  Ronhdale  and  a  Trenton  locality  at  Nowburgh,  N.  Y.  (see  Am. 
jour.  Bci.  1880.     19:   50) 

Kemp,  J.  F.  &  Hollick,  A.  The  granites  at  Mounta  Adam  and  Etc.  («m 
Annals  N,  Y.  acod,  sci.  7:  m8< 

Ries,  Heinrieh.  Report  on  the  geology  of  Orange  county.  (SM  LSth  an.  rept 
N.  Y.  state  geol.  p.  393) 

Mather,  W.  W.     GeoJ.  lat  diat.  N.  Y.  1843. 


JJMB   AND    CEMENT    INDUSTKIES  809 

layers  in  the  eame  quarry,  one  perhaps  containing  only  2j<,  while 
the  others  may  have  15^  or  18^. 

An  area  of  white  limestone  extends  from  Florida  through  Pine 
Island  and  Alnity  into  Xew  Jersey.  This  is  a  highly  crystalline, 
metamorphosed  limestone,  which  also  occurs  in  a  broad  belt  that 
extends  southwest  from  Florida  through  Big  Island  and  Gardiner- 
villa  into  New  Jersey.  It  possesses  the  same  character  as  the 
other  belt.  A  small  area  of  Trenton  limestone  is  found  aloni? 
the  railroad  between  Neelytown  and  Campbell  Hall.  This  has 
been  used  to  a  small  extent  for  lime.  The  Cambro-Silurian 
limestones  also  outcrop  both  southwest,  west  and  north  of  the 
city  of  Newburgh. 

The  character  of  these  Cambro-Silurian  rocks  of  the  Orange 
and  Bockland  county  belt  may  be  judged  from  the  following 
analyses  made  of  samples  collected  from  different  parts  of  the 
quarry,  the  analyses  in  each  case  representing  the  average  of  the 
quarry. 

The  first  one  of  the  magnesian  limestone  from  Tompkins  Cove, 
(pi.  58)  is  as  follows: 

lime 26 .  34 

Magnesia 16 .  74 

Carbonic  acid 39.1 

Alumina ,         4 .  13 

Ferric  oxid 1 .  05 

SiUca 12 

09. 3G 

This  analysis  shows  that  the  stone  is  both  magnesian  and 
highly  silicious.  The  following  analysis  of  the  Canibro-Sihirian 
limestone  from  Miller  Bros.'  quarry  on  the  southwestern  edge 
of  Newburgh  indicates  the  rather  constant  character  of  the  stone. 
It  runs: 

Lime 27.75 

Magnesia 17 .  05 


810  \  SEW    YollK    STATE    MHSEUM 

Carbonic  acid 40 ,  no 

Alttmma 1 .  93 

ferric  oxid 1 .  S 

Silica  ...  ...., 10.40 

^H 

This  stone  is  used  to  a  small  degree  for  lime-mating. 

While  swampy  tracts  are  almudant  in  Orange  connty,  the 
writer  has  not  been  able  to  prove  the  existence  of  marl  under  aay 
of  them. 

The  Lower  Helderber^  limestones,  though  known  to  occur 
along  Schunemunk  mouniain  in  the  eastern  part  of  Orang« 
county,  are  not  important  there,  but  do  form  a  prominent  strip 
along  the  western  side  of  Shawaiigunk  mountain.  The  Pen- , 
tamerus  is  exposed  in  a  quarry  about  4  miles  southwest  of  Oti»- 
ville  and  was  at  one  time  burned  for  lime  (pi.  59).  A  much  bet- 
ter section  is  exposed  in  Bennett's  quarry  east  of  Port  Jerris,  , 
and  adjoining  the  road  to  Middleto^Ti  at  a  point  about  1  mile 
east  of  TriStates.  This  stone  would  be  available  for  Portland 
cement  manufacture. 

The  Comiferoiis  or  Upper  Helderberg  forms  a  low  ridge  east 
of  Port  Jervis,  and  also  underlies  TriStates  point.  It  is  fnll  a£ 
chert  nodulos. 

Orleans  county' 

This  county,  like  several  of  the  others  bordering  on  Lake 
Ontario,  contains  a  broad  band  of  the  Niagara  limestones.  The 
material  utilized  in  every  case  for  the  manufacture  of  lime  ia  the 
upper  member.  Quarries  are  in  operation  at  Earre  Center,  south 
of  Albion,  (pi,  60)  Clarendon  and  Shelby. 

At  the  first  named  locality,  the  material  used  is  chiefly  disinte- 
grated surface  blocks.  At  this  point  one  of  the  quarrymen, 
B,  Johnson,  recognizes  three  types  of  stone,  viz,  the  porous,  or 

iHall,  JamoB.    Geo).  4th  dist.  N.  Y.  p.  433. 
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second  grade  rock,  the  massive,  or  first  grade,  and  a  third  type  of 
more  earthy  appearance,  which  slakes  very  readily  when  burned. 
The  product  from  Johnson's  (pi.  61)  and  also  T.  F.  Staine's  kiln 
is  sent  largely  to  Batavia. 

Extensive  deposits  of  marl  occur  near  Clarendon,  southwest  of 
Holly,  but  the  material  is  not  worked.  Marl  is  said  to  be  found 
2^  miles  north  of  Medina,*  and  southwest  of  Clarendon.  Some 
effort  has  been  made  to  employ  it  for  Portland  cement. 

Putnam  county' 

Quarries  exist  at  Patterson  and  at  Towners  in  Putnam  county. 
The  quarry  at  Towners  is  1  mile  northwest  of  the  New  England 
railroad.  The  stone  is  gray  and  white,  coarsely  crystalline  and 
contains  many  crystals  of  white  or  light  green  pyroxene  scattered 
through  it.  Mica  flakes  are  also  abundant  in  the  rock.  It  is  a 
magnesian  limestone  with  considerable  silica  in  its  composition. 
The  quarry  at  Patterson  is  on  the  Haight  property  half  a  mile 
southeast  of  the  railway  depot.  The  opening  is  about  15  by  40 
feet  in  area  and  60  feet  deep.  A  number  of  blocks  of  stone  have 
been  taken  out,  but  all  show  the  rock  to  be  full  of  mineral  im- 
puritieSy  such  that  it  would  not  make  a  very  high  grade  lime. 

Bensselaer  county^ 

A  belt  of  impure  limestone  of  Cambro-Silurian  age  extends  from 
Lebanon  Springs  to  Petersburg,  but  outcrops  are  scarce. 

Another  small  area  extends  from  the  vicinity  of  North  Peters- 
burg to  Eagle  Bridge  and  underlying  an  area  several  miles  wide 
west  of  Hoosick  Falls.  At  the  last  locality  a  number  of  small 
quarries  have  been  opened  on  a  hill  west  of  the  to\vn,  and  show 
well  the  varj'ing  character  of  the  stone,  as  well  as  its  purity  in 
certain  beds.  The  rock  varies  from  a  nearly  pure  Hmostone  to  a 
black  calcareous  slate.    It  has  been  used  to  some  extent  for  flux 

1  Hall,  James.    Geol.  41h  dist  N.  Y.  p.  437. 

2  Mather,  W.  W.    Geol.  Ist  dist.  N.  Y.  1843. 
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in  a  local  furnace,  wliile  some  has  been  eliipped  to  Troy,  and  at 
times  it  has  also  been  used  for  lime  manufacture.    ' 

The  boBt  stone  is  found  in  Conielius  llcCaffery'a  quarry.  The 
Bection  there  13  nearly  GO  feet  tbiclt,  rather  flinty  in  the  upper 
part  but  in  tlie  lower  yielding  atone  which  analyzed: 

Silicji 1.2 

Ferric  oxid 1.5 

Alumina 2 

lime 34 .  11 


8.97 


Bt  I  (     )nnty> 


The  Tronton-Chazy  lim    i  extend  along  the  St  Lawrence 

river  from  Chippewa  Bay  to  the  i  ;hpastcrn  edge  of  the  county. 
Their  southeastern  boundary  passes  trough  Flackville,  Norwood, 
North  Stockholm,  Brasher  Tails  and  Fort  Covington  Center. 

At  Ogdensburg  the  stone  has  been  quarried  for  lime  manufac- 
ture about  a  mile  west  of  the  town.  The  stone  is  thin  bedded, 
and  only  the  upper  layers  of  the  quarry  are  used  for  lime. 

The  following  analyses  show  not  only  the  dolomitic  character 
of  the  rock  but  also  the  greater  freedom  from  silica  of  the  upper 
layers. 

Upper  stone,  Howard's  quarry,  Ogdensburg: 

Silica 4.43 

Alumina 2 .  23 

Ferric  oxid .16 

Lime  carbonate 65 .  87 

Magnesium  carbonate 37 .  74 


100.42 


1  Smyth,  C.  H.  jr.  A  geologieal  reconnaiasance  in  the  vicinity  of  Oouver- 
neur,  N.  Y.  (see  Trans.  N.  Y.  acad.  Bci.  12:   97) 

Proliminftry   examination   of   the   general    and   economic   geology   of 

four  towni'liips  in  St  Lawienoe  and  JeflerHon  counties,  N.  Y.  (m*  47th  ftn. 
rep't  N.  Y,  state  mua.  p,  687) 
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Lower  stone,  Howard's  quarry,  Ogdensburg: 

Silica ,    17.28 

Alumina 5.21 

Ferric  oxid 92 

Lime  carbonate 58 .  17 

Magnesium  carbonate 18 .  46 


100.04 


The  crystalline  limestones  form  a  belt  many  square  miles  in 
extent,  stretching  in  a  northeast  and  southwest  direction;  in  addi- 
tion there  are  small  scattered  patches,  which  are  irregularly  dis- 
tributed throughout  the  coimty.  According  to  Smyth  the  largest 
limestone  belt  is  that  which  is  traversed  longitudinally  by  the 
Rome,  Watertown  and  Ogdensburg  railroad,  and  extends  from 
Antwerp  to  a  point  2  miles  east  of  De  Kalb  Junction.  While  it 
is  thus  seen  that  the  limestone  underlies  a  considerable  area,  at 
the  same  time,  owing  to  a  scarcity  of  outcrops,  its  presence  is  not 
always  noticeable.  The  linear  extent  of  this  belt  from  Antwerp  to 
its  probable  end  in  Canton  is  35  miles.  Its  width  in  a  northwest 
and  southeast  direction  is  variable.  It  is  2  miles  at  Antwerp, 
6  to  8  at  Gouvemeur,  but  then  narrows  again.  The  limestone 
is  highly  crystalline  in  character,  and  varies  in  color  from  a  white 
to  a  dark  bluish  gray.  It  is  unfortunately  often  rendered  impure 
more  or  less  by  scattered  grains  or  somewhat  similar  masses  of 
minerals,  of  which  the  most  important  are  serpentine  and  trem- 
olite.  In  some  localities  these  crystalline  limestones  reach  a  high 
degree  of  purity.  The  following  two  analyses  were  kindly  fur- 
nished me  by  Prof.  Priestley,  of  St  Lawrence  university.  No. 
1  is  a  stone  used  for  lime  from  a  locality  on  the  road  to  Colton 
and  6  miles  from  Canton.  No.  2  is  from  Steven's  quarry  on 
Grass  river  1  mile  above  Canton.  The  second  one  is  not  used 
for  lime. 
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1  9 

Silica 5  1.13 

IroD  o^iid  and  aliunina 1.3  1 ,  89 

Lime  carbonate 88 .  67  76.48 

ilagnesium  carbonate   9.53  19 .  97 

100  101.11 

At  Grnivemeur  extensive  qnarriea  have  been  opened  for  ob- 

This 


tainiiig  ninrble,  ar 
Stone  often  runs  ] 
analyses  made  by 

efiise  13  used  for  lime.     ' 
as  indicated  by  the  foUoi 

92  29 

Magnesium  oarbc 

99.03 

The  cryBtalline  limestone  is  well  exposed  at  HanisTille  (N.  Y.) 
in  the  quarries  of  the  HarriBville  marble  co.,  which  lie  about  half 
a  mile  from  the  Carthage  and  Adirondack  railroad.  The 
rock  there  approaches  very  closely  in  composition  to  that  at 
Gouvemeur.  There  is  a  considerable  ledge  of  crystalline  lime- 
etoue  on  the  Hungerford  farm,  near  Lewisburg,  about  4}  miles 
north  of  the  natural  bridge.  It  is  rather  far  from  a  railroad,  but 
it  has  been  estimated  that  it  could  be  put  on  the  car  at  Natural 
Bridge  for  $1.35  a  ton.  The  stone  is  coarsely  granular  but  not 
very  hard.  Certain  portions  of  the  rock  are  very  white,  evi- 
dently quite  pure  but  rather  free  from  silica.  Other  portions 
contain  an  abundance  of  mica  grains. 

The  following  analysis  of  these  white  dolomites  was  made  by 
G.  J.  Donohue  and  furnished  to  the  writer  by  0.  Graves  of 
Natural  Bridge  (N.  T.) 


Plate  62  To  f«cep.814 


I.  N.  Hmu.  pboto. 

Bmplrs  marble  co.'i  qusnr  near  OouTaniaur,  St  Ijawrance  go.  pra-CunbrUn 
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Silica .24 

Ferric  oxid  alumina .24 

Lime 22.43 

Magnesia 29 .  48 

Carbonic  acid 47 .  73 


100.12 


Jn  addition  to  the  main  belt  of  crystalline  limestone  mentioned, 
there  are  a  number  of  smaller  areas,  which  are  quarried  at  Bige- 
low,  Brasie  Comers,  Crary  Mills,  East  Pitcaim,  Hickory,  and 
Eossie. 

That  from  Eossie  which  is  quarried  by  0.  Williams  &  Oo.  is 
used  by  the  Dexter  sulfite  pulp  and  paper  co.,  which  made  the 
following  analysis  of  the  lime. 

Lime 91.72 

Magnesia 7 .  52 

Perric  oxid  and  alumina 38 


99.62 
Saratoga  county^ 

The  limestones  are  mostly  Calciferous,  though  some  Trenton 
occurs.  Owing  to  their  irregular  distribution  and  faulted  rela- 
tions, the  occurrences  can  be  best  determined  from  the  accom- 
panying map.  Most  of  the  quarries  are  located  in  the  Calciferous, 
but  there  are  also  some  excellent  exposures  of  Trenton,  fully 
equal  to  those  along  the  Hudson  river  at  Glens  Palls. 

The  composition  of  some  of  the  Calciferous  beds  may  be  judged 
from  the  analysis  given  below.  At  Sandyhill,  both  the  Cal- 
ciferous and  Trenton  limestone  occur.     The  Calciferous  is  quar- 

1  Darton,  N.  H.  Geology  of  the  Mohawk  valley,  in  Herkimer,  Fulton, 
Montgomery  and  Saratoga  counties,  {see  47th  an.  rep't  N.  Y.  state  mus. 
p.  603) 

Preliminary  description  of  the  faulted  region  of  Herkimer,  Fulton, 

Montgomery  and  Saratoga  counties,  {sec  14th  an.  rep't  N.  Y.  state  geol.  p.  33) 

Mather,  W.  W.    Geol.  Ist  dist.  N.  Y.  1843. 
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pied  by  Higley,  MAtity  &  Co.,  but,  owing  to  its  silicious  nature,  it 
has  been  used  only  for  building  Btone.    It  analyzed 

Lime 29 .  05 

Slaguesia 12.8 

Ferric  oxid 1 ,  03 

Alumina .46 

Carbonic  acid 38,6 

Insoluble  residue 18.04 

The  Trenton  limfstntip  Ib  pvnncsed  about  If  miles  east  of  the 
cannl,  and  the  se  ir  to  that  found  at  Qlens  Falls, 

the  upper  layers  u  impure  and  the  lower  layers 

showing   8   feet   •  me    evidently   of   considerable 

purity. 

Other  quarries  are  at  ipriDga  and  South  Glens  Falls. 

county* 
This  eounty  is  destitute  'stones  except  a  small  area  of 

Calciferous  in  its  extreme  n  western  cornerj  and  a  bit  of 
Lower  Ilelderberg  in  the  southwei  ern  portion.  Both  are  of  aiuall 
extent.  Limestone  is  quarried  at  [Tofrmana, 
Schcharie  county* 
Thia  county  exhibits  a  great  thickness  of  Helderberg  limestones, 
which  have  been  opened  up  at  Schoharie,  Howe  Cave,  Barnerville, 
Cohleskill,  Middleburg,  Sharon  Center,  Sharon  Springs  and 
Cherry  Valley.  The  general  section  can  be  obtained  from  the  ac- 
count of  the  Helderberg  limestone  formatioD  in  another  portion 
of  the  report. 

At  both  Schoharie  and  Howe  Cave  there  is  a  splendid  develop- 
ment of  the  lower  Pentamerua  and  Tentaculite  members.  The 
former  beds,  which  are  60  to  70  feet  thick,  are  hard,  massively 
bedded,  vertically  jointed  limestones,  of  bluish  gray  color.  . 

The  Tentaculite  beds,  underlying  the  Peotamerus,  are  thin 
bedded,  dark  blue  limestones,  whose  layers  vary  from  2  to  S 
inches.     At  Howe  Cave  and  Schoharie  their  thickneee  is  40  feet. 

1  Vaniixcm,  Lardner.     Geol.  3d  dist  N.  Y.  1842. 
JHathpr.  W.  W.    Geol.  Ut  diet.  N.  Y.  1843. 
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In  the  quarries  of  the  Helderberg  cement  co.  (pi.  63)  at  ITowo 
Cavei  120  feet  of  the  two  limestones  just  mentioned  is  exposed. 
They  are  used  for  the  manufacture  of  Portland  cement,  beinjc: 
mixed  with  clay.  Underlying  the  limestone  is  a  bed  of  natural 
rock  cement,  which  is  also  utilized.  The  following  analyses  were 
furnished  by  C.  K.  Bamsey,  superintendent  of  the  works. 

Gray  stone  Blue  limestone  CUy 

Lime 62.18  52.58  2.9 

Magnesia 1.27  .79         

SiUca 2.7  3.12  71.67 

Alumina  and  ferric  oxid 1 .  64  .93  15 .  OS 

Sulfur 17  .24         

Ignition 15.13  18.8  5 

The  first  two  analyses  are  not  very  consistent;  for  it  is  hard  to 
conceive  how  a  stone  containing  52.18^  of  lime  could  yield  only 
l&.13]i  on  ignition. 

The  cement  rock  is  said  to  yield  on  analysis: 

Lime  carbonate 55 .  17 

Magnesium  carbonate 19.71 

Silica 12.89 

Ferric  oxid  and  alumina 11 .  15 

Water 66 

Another  analysis  of  Howe  Cave  limestone,  made  by  C.  A. 
Schaffer,*  gave: 

Lime  carbonate 97 .  24 

Magnesium  carbonate   l.tld 

Ferric  oxid  and  alumina .73 

Silica 1.27 

Sulfur tr. 

Phosphoric  acid none 

100.03 

1 20th  rep't  U.  S.  geol.  sur.  pt  6,  p.  428. 
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At  BtrnOTville,  letweea  Howe  Cave  and  CoWeskiH,  a  verv 
Urge  quarry  hag  been  opened  in  the  same  limestone|  for  build- 
ing purposes  (pL  64,  M),    The  stone  is  said  to  yield  on  analysis: 

Lime 51 .05 

Tiesia 1 .  65 

Silica 4.31 

Alumina  and  ferric  oxid  . 

Sulfur 29 

Carbon  diozid 41.! 

100.17 
Selinyler  county^ 

South  of  Alpine  statioa  on  the  Lehigh  Valley  railroad  is  a 
large  tamarack  swamp,  wliose  surface  is  underlain  by  from  3-8 
feet  of  muck.  Below  this  is  found  a  deposit  of  mar!  which  variea 
in  thickness  from  2-10  feet,  being  as  much  as  the  latter  in  many 
spots. 

The  proper^  is  owned  by  J.  Hinman. 

'  Seneca  oowLty* 
The  Upper  Helderberg  formation  covers  a  belt  iridening  west- 
ward, which  extends  from  opposite  Union  Springs  on  Caynga  lake 
westward  toward  Geneva  on  the  south  and  Thornton  Comers  on 
the  north.  It  is  quarried  at  both  Seneca  Falls  and  Waterloo, 
the  quarries  being  mostly  in  the  Seneca  beds,  but  partly  in 
Comiferous.  At  Seneca  Falls  the  quarry  is  operated  by  G,  J. 
Fisher,  and  at  Waterloo  the  quarry  operators  are  D.  Babcock, 
Edson  Bros.,  G.  C.  Thomas  &  Bros.,  B.  Frank.  The  following 
section  is  from  Babcock's  quarry  (pi.  66).  Beginning  at  the  top 
there  is: 

Dark,  fine  grained  limestone 0*         14* 

Cherty  limestone 8'  0" 

Cherty  limestone 2'  0" 

Shale 0'         10" 

Two  17  inch  layers,  fine  grained  limestone,     2'  10" 

1  Hail,  Jamea.     Geol.  4th  dial.  N.  Y.  p.  440. 

Lincoln,  D.  F.    Geology  of  Seneca  countj.    {see  IGth  an.  rep't  N.  Y.  state 

Rpol.  p.  57) 
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The  14  and  17  inch  layers  make  good  lime  and  are  shipped  to 

Geneva  for  burning.     The  average  composition  of  the  rock  is 

as  follows: 

Silica 14.85 

Alumina    7.18 

Feme  oxid 1 . 57 

lame 40.23 

Magnesia 1.95 

Carbon  dioxid 33 .  7G 


99.54 
The  TuUy  limestone  lies  between  the  Hamilton  and  Genesee 
shales,  and  is  of  importance,  as  it  is  the  most  southern  lime  rock 
of  central  New  York.     It  outcrops  at  several  localities  accord- 
ing to  D.  F.  Lincoln.^ 

The  most  northern  is  about  a  mile  west  of  Hayt  Comers;  a 
second  exposure  is  at  Willard  hospital,  where  it  forms  the  cas- 
cades near  the  reservoir;  another  on  Seneca  lake  1  mile  south  of 
Willard  landing,  where  15  to  20  feet  is  exposed;  still  other  out- 
crops are  in  the  creek  near  Tlighland  station  and  at  Lodi. 
A  quarry  has  been  opened  in  it  1  mile  southeast  of  Hayt 

Comers. 

Steuben  county* 

No  beds  of  limestone  are  found  within  the  county,  but  an  ex- 
tensive deposit  of  marl  is  dug  at  Perkinsville  and  Wayland  (pi. 
67).  It  lies  in  a  great  swampy  area,  and  furnishes  material  for 
two  Portland  cement  works,  that  of  Milieu  &  Co.,  of  Wayland, 
and  the  Wayland  Portland  cement  co.,  located  at  Perkinsville. 
Though  the  deposit  is  of  considerable  extent,  it  is  not  underlain 
by  day,  which  has  to  be  brought  from  Morrisville. 

Tompkins  connty^ 

The  only  limestone  formation  is  the  Tully,  which  outcrops  on 
the  eastern  shore  of  Cayuga  lake  between  Lakeridge  and  Lansing 
along    the    Auburn    branch    of    the    Lehigh    Valley    railroad. 

1  Lincoln,  D.  F.    Geology  of  Seneca  county,     {see  15th  an.  rep't  N.  Y.  state 
geol.  p.  67) 

2  Hall,  James.    Geol.  4th  dist.  N.  Y.  p.  480. 

3  Hall,  James.    Geol.  4th  dist.  N.  Y.  p.  475. 
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The  ledges  are  moat  prominent  at  the  track  level  about  }  miic 
south  of  Lansing.  The  stone  is  fine  grained,  moderately  bard, 
and  shows  occasional  impure  layers,  but  comparatively  few 
chert  nodules,  the  impurities  being  mostly  iron  and  day.  It  i^ 
a  massive  nock,  with  layers. 2  to  3  feet  thick,  the  total  thiclgieae 
being  about  20  feet,  and  is  favorably  situated  for  either  rail  or 
water  shipment. 

An  analysis  made  of  samples  taken  by  the  writer  from  the  ledge 
south  of  Lansiiig  showed: 

Silica 5-7 

Alimiina )     „ 

Eeinc  oxij ) 

Lime  carbouate   68 .  d 

Mafmesium  carbonate  1.4 

loaolable- ; 8.8 

Ulster  cotuttyi 
The  limestone  formations  occurring  in  Ulster  county  together 
vith  their  thickness  are  as  follows: 

mt 

Onondaga - 60    Chertj 

Upper  flhaly  limestone '.      30-125     Impure 

Becraft  limestone   20-30     Fairly  pure 

Lower  ehaly  limestone 60     Impure 

Pentamerus  limestone 30-60     Dark  massive 

Tentaculite  limestone 20-40     Thin  bedded 

Cement  series 20-50     Cement  and  waterlime 

Niagara  limestone 0-45 

Wappinger  limestone 200     Silicious 

1  DartoD.  Geology  of  UUter  county,  (fee  13th  an.  rep't  N.  Y.  atste  geol. 
p.  2fl7). 

Dnle,  T.  N.     The  fault  at  Rondout.   (see  Am.  jour.  Bci.  1876.     IS:  293) 

Davis,  W.  M.  The  little  mountain  east  of  the  Catakill.  (Bee  Appalachia, 
3:   20) 

.    Non -conformity    at   Rondout   N.    Y.  {see    Am,   jour.   aci.    1893. 

20:   380) 

.     Berraft  mountain,  {see  Am.  jour.  sci.  1883.     26:  381) 

\    The  folded  H^lderberg  limestones,     (see  Bui.  Mus.  comp.  aooL  Har- 

var.'."!    7:8in 

LtndsTey.  Geology  of  the  cement  quarries,  (am  Foughkeepsie  aoc.  nat.  sci. 
11:   44) 

Nason.  F.  L.    Economic  geology  of  Ulster  county,     (gee  13th  an.  rep't  N.  Y. 

Mather,'  W,  W.     Geol.  lit  dist.  N.  Y.  1843. 
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Of  these  the  Becraft  and  the  cement  beds  are  the  most  im- 
portant 

Onondaga  limestone  h|is  been  quarried  at  a  number  of  locali- 
ties for  bnming  into  lime.  The  stone  is  generally  light  blue 
gray,  dense  and  massive.  Unfortunately  a  common  feature  is 
the  presence  of  layers  of  chert,  though  these  may  be  locally  aV 
sent.    They  predominate  chiefly  in  the  upper  beds. 

Darton  states^  that  the  outcrop  of  the  Onondaga  limestone  ia 
practically  continuous  from  the  northeastern  comer  of  the  county 
to  Wawarsing  township.  Around  Kingston  its  area  widens 
greatly,  on.  account  of  the  presence  of  folds,  and  most  of  the 
upper  part  of  the  city  is  built  on  it.  Southward  by  Hurley  and 
Marbletown  the  Onondaga  formation  is  prominent  in  the  ridge 
sloping  westward  to  Esopus  creek.  Exposures  also  abound  along 
the  West  Shore  railroad  northward  from  Kingston,  and,  from 
west  of  Saugerties  to  Asbury,  along  and  near  the  road  parsing 
through  Cedar  Grove  and  Katsbaan. 

Through  its  whole  extent  the  upper  shaly  limestone  exhibits 
a  large  amount  of  argillaceous  and  silicious  impurities.  The  beds 
are  massive,  but  the  rocks  possess  a  slaty  cleavage,  and  these 
properties  aid  in  the  formation  by  them  of  small  rough  ridges. 

It  extends  across  the  county  parallel  with  the  Onondaga  lime- 
stone. As  far  as  known,  it  is  not  available  for  any  of  the  uses 
treated  of  in  this  report.  The  upper  shaly  overlies  the  Becraft 
limestone. 

In  Ulster  county  the  Becraft  is  the  purest  limestone  of  the  whole 
Lower  Helderberg  series.  The  beds  are  massive,  bluish  gray  to 
reddish  limestone,  of  a  semicrystalline  nature  and  highly  fossil- 
iferous.  .  Scattered  through  the  rock  are  saucer-shaped  masses 
of  white,  crystallized  lime  carbonate,  from  1  to  2  inches  in  diam- 
eter and  representing  the  bases  of  crinoid  heads.  The  formation 
according  to  Darton  varies  from  20  to  30  feet  in  tliickness. 


1  Geology  of  Ulster  county,     (see  13th  an.  rep't  N.  Y.  state  gcol.  p.  301) 
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ExtPTisive  quarries  have  licen  operiod  in  it  near  Hondout,  Ed- 
dyville  and  Wliiteport.  The  lime  made  from  it  is  of  good  quality, 
lumpy  but.  slightly  brown  in  color.  The  Becraft  liuiestone  ex- 
tends across  the  eastern  portion  of  the  county  from  imrth  to  south. 
It  is  well  exposed  between  Saugcrties  nnd  Rmidout  and  about 
Wilbur  and  Whiteport,  but  exposures  of  it  are  rare  southwest 
of  this  latter  locality  except  at  Mill  IIooli  and  Highfalls. 

Samples  for  analysis  wero  coUoctpd  from  the  quarry  of  the 
Kewark  cemei  *"      '  nd  the  average  of  these  gave: 

Silica  . .  ^  3 .  87 

Ferric  OX  1.34 

Alumina    .  1 .  07 

I^mc    ....  54.11 


Carbon  dio:        .  40 .  G 

100.119 

Another  set  of  samp'  be  quarry  of  B.  Turner  near 

"Willnir  gave: 

Siliea 7.1 

Alumina 2.5 

Ferric  oxid 1 .  65 

IJme 45.22 

llagTiesia tr. 

Carbon  dioxid.   39 . 1 

96.57 

The  Pentamerus  limestone  member  of  the  Tjower  Helderber^ 
in  niater  county,  is  a  hard,  dark  blue  or  lead  colored,  massive 
limestone.  Not  infrequently  it  is  somewhat  cherty.  Its  hard 
and  tough  character  frequently  causes  it  to  give  rise  to  clifb. 
Good  exposures  of  this  rock  occur  in  the  cliffs  at  Bosendale,  about 
Port  Jackson,  near  Eddyville  and  along  the  eastern  face  of  the 


hm 


1 
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limestoie  ridge  extending  from  Kondout  to  SangerHes  and  West 
Camp.  They  are  generallv  a  mile  or  more  from  the  shore  of  the 
Hudson,  but  2  miles  north  of  Eondout  approach  close  to  it  The 
Pentameros  limestone  has  a  thickness  of  30  to  40  feet 

Tentaculite  limestone  is  generally  a  thin  bedded*  dark  blue 
limestone  and  forms  the  base  of  the  Helderberg  series.  Its  thick- 
ness varies  from  20  to  40  feet  and  is  greatest  about  Rosendale, 

Salina  waterlime  beds  underlie  the  waterlinio  and  are  of  consid- 
erable importance,  as  they  include  the  well  known  cement  beds. 
Darton  says:  "The  usual  characters  of  the  formation  arc  thin 
bedded  water  limestones,  and  the  cement  is  of  local  occurrenoo.'* 
It  is  a  blue  black,  very  fine  grained,  massively  bedded  deposit, 
consisting  of  calcareous,  magnesian  and  argillaceous  materials  in 
somewhat  variable  proportions. 

The  cement  beds  are  extensively  developed  in  the  Rondout  and 
Bosendale  regions.    They  come  in  gradually  and  are  attended  by 
a  thickening  of  the  formatior  from  its  usual  average  of  20  to  30 
feet  to  40  or  60  feet.     At  Rondout  the  principal  cement  l>ed  lias 
a  thickness  averaging  about  20  feet.    It  lies  directly  on  the  coral- 
line (Niagara)  limestone  and  is  overlain  by  altering  successions 
of  waterlime  and  thin,  impure  cement  beds.    The  cement  horizon 
IS  not  exposed  far  north  of  East  Kingston,  but  how  far  it  extends 
to  the  northward  is  not  known.     It  is  seen  to  thicken  southward, 
and  it  attains  its  maximum  thickness  fh  the  vicinity  of  Rondout^ 
thinning  out  again  and  giving  place  to  waterlime  beds  south  of 
Wilbur.     It  is  seen  to  have  come  up  again  in  the  Whitoport 
anticlinal,  which  brings  up  a  great  development  of  cement  bodo 
along  its  principal  axis  from  Whiteport  to  RosendalQ.     Tlioy 
also  come  out  along  the  western  limb  of  the  synclinal  eastward* 
South  of  Rosendale  the  cement  beds  continue  up  the  Coxing  kill 
valley  snd  around  the  point  of  the  anticlinal  by  Highfalls  on  the 
Bondout  creek.    "  Above  this  place  it  can  be  traced  but  a  sliort 
distance^  owing  to  its  deep  erosion  and  heavy  drift  cover  in  the 
Rondout  creek  valley.''    It  reappears  at  Port  Jackson. 
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o  d  re  two  cement  beds  in  tlie  Whiteport-Rosendale  repon. 
TLe  lower  one  of  these  ftvorages  21  feet  in  thickness,  and  the 
other  averages  12  feet  in  tliieknese,  witk  an  intervening  mem- 
ber of  12  or  15  feet  of  waterlime  beds,  but  these  thicknesses  are 
very  variable.  At  High  falls  the  upper  bed  is  15  feet  thick,  the 
lower  bed  5  feet  thick  with  3  feet  of  intervening  beds  of  water- 
lime  rock.     The  High  falls  are  over  the  thicker  beds. 

Darton  also  states  that  "  cement  may  be  looked  for  in  tiie 
upper  Rondout  valley,  from  Port  Jackson  to  EllenviUe,  but, 
ovring  to  the  absence  of  outcrojH,  this  should  only  be  regarded  aa 
B  suggestion." 

Around  Rose  U.  industry  is   developed  to  an 

enormous    extent,  I    barrels    of    cement    being 

produced  annually.  m  of  the  cement  manufacture 

is  made  in  anothe'  e  'eport. 

Nothing  more  "  i  s  part  of  the  report  concern- 

ing the  Ilosendaie  ce       il  it  is  mentioned  more  fully  bi 

the  chapter  on  natural  cemei 

Coralline  or  Niagara  limesfc  fonos  a  thin  bed  underlying 
the  cement  at  Rondout.  It  ie  a  rk  gray  limestone  of  variable 
thickness.  Under  the  cement  at  indout  it  is  7  feet,  but  at  the 
entrance  to  the  Beoraft  limestone  quarries  1  mile  north  of  East 
Kingston  it  is  only  5  inchea 

Warrea  connty* 

Both  the  Oalciferoua  and  Trenton  are  known  in  this  county. 
The  former  is  not  of  very  great  importance  except  for  building 
purposes,  but  the  latter  is  very  prominent 

At  Glens  Falls,  the  Trenton  limestone  (pi.  72)  has  been  quarried 
for  a  number  of  years  for  lime  manufacture,  and  the  product 
bears  an  excellent  reputation.  There  are  four  companies  operating 
lime  quarries,  but  the  rock  in  all  of  them  is  very  much  the  same. 
The  section  in  the  quarry  beginning  at  the  top  consists  of: 

FcM 

Thin  bedded,  impure  black  limestone 12-15 

Massive  black  limestone 2-  3 

Fine  grained,  black,  crystalline  limestone 15 

1  Emmons,  Ebenezer.    Geol.  2d  dist.  N.  Y.  1842,  p.  170. 
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The  upper  bed  is  used  for  building  and  also  for  Portland 
cement,  being  mixed  with  the  overlying  clay;  the  lower  bed 
makes  a  high  grade  of  lime.  The  following  analysis  represents 
the  composition  of  the  upper  stone. 

Silica 3.9 

Alumina •••••.•••         1*3 

Ferric  oxid .••..•..• •  • 

lime •••••••••••••••••       52 .  15 

Magnesia 1.68 

Sulfuric  acid ••  •  •  .t.  •  .3 

The  composition  of  the  lower  bed  is  as  follows: 

Silica 1.1 

Alumina  ••••••.•• ••••.•••••••••  .8 

Ferric  oxid 5 

lime 63 .  17 

Magnesia i*  •••  •  • .75 

Carbonic  oxid  (est.) 45 .  08 

101.4 

The  rock  has  to  be  carted  three  quarters  to  one  half  a  mile  for 
shipment,  the  distance  depending  on  the  auarry  from  which  it  is 
taken.  The  lime  produced  is  soft  but  quite  pure.  It  is  said  to 
slake  rather  quickly. 

The  analysis  of  the  lime  in  the  circular  of  the  Associated  lime 
CO.  is:  t 

lime 96.46 

Magnesia  .  •  •  ..... .i.  •,•..•.••..•.•..•.•  •(  .64 

Ferric  oxid  and  alumina 1.7 

I^ss  on  ignition .••••. •  •  •  1*2 

An  extensive  Portland  cement  plant  has  been  built  at  this 
locality  and  is  described  in  another  chapter. 
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The  upper  bed  is  used  for  building  and  also  for  Portland 
cement,  being  mixed  with  the  overlying  clay;  the  lower  bed 
makes  a  high  grade  of  lime.  The  following  analysis  represents 
the  composition  of  the  upper  stone. 

SiKca 3.9 

Alumina ••••...  1.3 

Ferric  oxid 

Lime •••••.• ••       52.15 

Magnesia • •••••••  1.58 

Sulfuric  acid .3 

The  composition  of  the  lower  bed  is  as  follows: 

Silica 1.1 

AlumJTia  •  ••••••.••••••.•• •••••••  .8 

Ferric  oxid .••••••... •  •  •  •  .5 

lime 63 .  17 

Magnesia •  • i*  •••••• .75 

Qarbonic  oxid  (est.) 45 .  08 

101.4 

The  rock  has  to  be  carted  three  quarters  to  one  half  a  mil©  for 
shipment,  the  distance  depending  on  the  auarry  from  which  it  is 
taken.  The  lime  produced  is  soft  but  quite  pure.  It  is  said  to 
slake  rather  quickly. 

The  analysis  of  the  lime  in  the  circular  of  the  Associated  lime 
CO.  is:  • 

Lime 96.46 

Magnesia i. .i  .64 

Ferric  oxid  and  alumina 1.7 

J^ss  on  ignition 1.2 

An  extensive  Portland  cement  plant  has  been  built  at  this 
locality  and  is  described  in  another  chapter. 
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Washin^on  connty' 
The  limestone  nreas  of  tbis  county,  thoug:h  not  exlensive, 
inclnde  some  of  the  purest  limeatonee  found  in  the  state.  One 
narrow  belt  exteDda  from  Jliddlefalls  to  North  Argyle,  a  second 
b^pJiB  at  Adamaville  and  extends  northward  past  the  eastern 
edge  of  Fort  Ann  and  Whitehall  to  the  Vermont  boundary,  A 
third  area  lies  on  the  boundary  between  New  York  and.  Vermont 
and  along  the  Rutland  branch  of  the  Delaware  and  Hudson  rail- 
road. The  rock  has  been  extensively  quarried  at  Smiths  Basin 
and  west  of  Fair  Haven. 

At  Smiths  Basin  the  Keenan  lime  company  has  several  quar^ 
riee  in  the  ridge  to  the  east  of  the  railroad.  The  rock  is  mostly 
dark  gray  to  bluish  black,  fine  grained  and  moderately  hard.  Its 
maflBiTe  character  has  been  somewhat  destroyed  in  places  by  the 
Bhearing  and  folding  to  which  the  roek  has  been  subjected,  and 
the  upper  beds  are  shaly  and  silicious,  still  the  lower  ones  are 
very  pure.  The  company  has  four  limekilns  of  continuous  type, 
Much  of  the  rock  has  also  been  shipped  to  Troy  both  for  use  as 
a  flux  in  blast  furnaces  and  also  for  lime  in  Bessemer  converters. 
The  following  analyses  will  serve  well  to  show  the  composition 
of  the  stone. 

Silica , 1.38 

Ferric  oxid  and  alumina .68 

Lime 55.26 

Magnesia .72 

Phosphorus .  004 

An  analysis  of  the  lime  made  by  Prof,  J,  H.  Appleton  gave: 

Hoiature  and  carbon  diozid .......'         3,08 

Insoluble 1.06 

Ferric  oxid  and  alumina .68 

Lime 96.6 

Magnesia , tr. 

99.22 

1  Kemp,  J.  F.  &  Newland,  D.  H.  Prelimfnuy  report  on  the  geology  of  Wksb- 
ington,  Warren  and  parts  of  Essex  and  Hamilton  countiM.  (tM  SUt  aiL  tept 
N.  Y.  state  mua.    2:  40Q] 

Mather,  W.  W.    Geol.  let  dirt.  N.  Y.  1843. 
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A  third,  made  by  the  writer,  gave: 

Silica 72 

Ferric  oxid  and  alumina 1.5 

lame 54.28 

Magnesia .8 

Carbon  dioxid  ••  ••• .••••..  44 


101.3 


The  existence  of  an  extensive  clay  deposit  in  the  adjoining 
meadows  offers  excellent  facilities  for  the  establishment  of  a  Port- 
land cement  plant 

A  second  quarry,  operated  by  D.  Nichols  &  Son,  lies  about  2 
miles  northeast  of  the  preceding  and  is  of  similar  purity. 

Black  Trenton  limestone  is  also  mined  just  west  of  the  state 
line  in  Washington  oounty.  The  quarry  is  situated  alpng  the 
railroad  track  between  Whitehall  and  Fair  Haven  and  is  operated 
by  George  D.  Harris  under  the  name  of  the  Arana  marble  co. 

The  rock  is  a  dark  colored,  moderately  hard  limestone,  with 
very  few  visible  impurities,  and  in  places  traversed  with  enormous 
streaks  of  calcite,  and  at  certain  portions  of  the  quarry,  noticeably 
at  the  western  end,  the  quarry  assumes  a  brownish  red  color, 
As  a  whole,  it  may  be  said  that  the  stone  is  very  pure,  and 
where  shale  impurities  occur  they  are  generally  in  the  shape  of 
horses  which  can  be  easily  separated  in  the  mining  of  the  stone. 
The  following  analysis  indicates  very  well  the  high  degree  of 
purity  of  this  material. 

Silica •  • «7 

Alumina 1 

Ferric  oxid ,7 

Lime 53.9 

Magnesia 1.4 

Oarbon  dioxid • 42 . 5 

100.2 
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J  Lferous  is  quarried  near  Whitehall,  but  is  very  eili- 

cioua. 

Wayne  county' 

The  Ni;  ara  limestone  extends  through  the  county  from  west 
to  cnst  ana  is  quarried  at  AValworth  and  "Wolcott. 

Hall*  states  that  marl  underlies  the  Cayuga  marshes  in  the 
town  of  SftTannoh,  and  13  5  to  (i  feet  thick.  Another  bed  ii 
located  one  mile  west  of  Newark,  and  a  thin  bed  is  fonned,  imder 
Cooper's  swnmp,  in  tlie  town  of  Williamson. 

uity" 

The  limestones  in  11  of  tha  same  age,  Cambro- 

Silurian.    They  exteii  nty  in  a  northeasterly  direc- 

tion, forming  sever,  jlts  which  either  border  or 

underlie  the  main  val  1  most  important  are  tlioso 

along  the  line  of  the  j  d  Harlem  railroad  and  the 

Northern  railroad.  a  foi  been  extensively  opened  up 

at  Tnckahoe  and  Plei    int  !o  far  aa  examined  contains 

the  better  grade  of  stone.     £  mportant  area  occurs  Bouth 

of  Sing  Sing  (now  Ossining).  Uther  occurrences  are  near  Somers, 
Amawalk  and  Hastings. 

The  limestones  in  this  county  are  often  highly  nugnesiaa, 
coarse  to  fine  grained  metamorphosed  rocks.  At  times  they  are 
exceptionally  free  from  silica. 

There  are  two  important  quarries  at  Ossining,  the  one  belong* 
ing  to  Henry  Marks  (pi.  73)  the  other  to  the  Sing  Sing  lime  co. 
The  stone  in  Jlr  Jtarks's  quarry  is  finely  granular  and  slightly 
grayish  in  tint,  while  the  best  stone  in  the  Sing  Sing  lime  co-'a 
quarry  is  white  and  coarse  grained  but  possesses  a  high  degree  of 
purity. 

iHall,  Jnmpa.     {gee  Geol.  4th  diat.  N.  Y.  p.  414) 

2G«?ol.  4th  (list.  N.  Y.  p.  416. 

■  Dana,  J.  D.  Geological  relations  of  the  limestone  belta  of  Wratchester 
county,  N.  Y.  (see  Am.  jour.  sci.  I8S0.  20:  21,  194,  359,  450,  466;  21: 
42E;  22:   10.1,  S13,  327) 

Merrill,  F.  J.  H.  Geology  of  crystalline  rocks  of  southeaBtern  New  Yoit 
(see  50th  an.  rep't  N.  Y.  stale  mus.  2:  21) 

Mather,  W.  W.    Geol,  1st  dist.  N.  Y.  1843. 


Ml 


* 

.,1 

I 


•» 


IT 
I 


i 


It  • 


UME   AND    CEMENT    INDUSTBIES  829 

A  nmnber  of  samples  were  collected  from  Marks's  quarry,  and 
their  average  composition  is  as  follows. 

Silica , 98 

Ferric  oxid  •  •  •  •  • •  •  •  •  .3 

Alumina • •  • • .84 

lime • ••••  • ••       31.4 

Magnesia 16.96 

This,  it  will  be  noticed,  presents  a  high  grade  of  magnesian 
limestone  running  very  low  in  silica  and  probably  suitable  for 
the  lining  of  Bessemer  converters.  There  are  certain  layers  in 
the  quarry  which  have  a  tendency  to  become  eilicious  in  their 
character,  and  these  have  to  be  avoided  in  mining. 

The  rock  from  Marks's  quarry  has  been  shipped  to  Newark  for 
a  number  of  years  to  be  used  as  flux.  In  this  case  the  sorting 
was  probably  not  as  careful  as  it  would  have  been  for  some  pur- 
poses; and  consequently  the  following  series  of  analyses,  kindly 
furnished  by  G.  H.  Stone,  of  the  New  Jersey  zinc  and  iron  co., 
show  greater  silica  contents. 

12  3  4 

SiKca .•..•       6.7Y         6.94      5.12       2.05 

Ferric  oxid )  .99 


h- 


A  i       •  r    J. . 81  ^,o2  .To       ^    ^^ 

Alimima j  1.11 

lime 45.02       29.05     25.42     34.63 

Magnesia 3.16       20.05     22.35     15. 3Y 

Phosphoric  acid .  027     

Carbon  dioxid 44.11 

The  good  rock  of  the  Sing  Sing  lime  co.  shows  even  less  silica 
than  that  from  Mark's  quarry,  as  will  be  seen  from  the  following 
analysis: 

Silica 87 

Ferric  oxid .25 

Alumina ^     .57 

Lime 31.4 

Magnesia 19.95 


-   p — 
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"]  STn  Jii-e  certain  layers  on  the  west  side  of  the  quarry  wluiih 
Bhould  be  av  idcd,  as  thoy  run  more  siliclous.  In  structure  these 
layers  art  oner  than  those  of  the  purer  atone  and  more  finely 
crystalline,    "heir  composition  was  found  to  he  as  follows: 

Silica 6.75 

Perric  oxid 1.08 

AJiimina 3.03 

Lime 28 .  33 

^lagneaia  ....  17.94 

The  best  quality  ery  white  lump  lime. 

The  quarries  at  ster  co.,  are  most  exten- 

eive  and  are  all  low  turn,  which  extends  north- 

east and  southwest  is  of  about  40  feet     The 

firms  operating  the  inell  &  Hillery,  Norcross 

Bros,  and  the  Tucbah(  o  known  aa  J.  Sinclair  Co. 

The  rock  in  all  of  these  a  magnesian  limestone  of 

granular  character  aj  rd.     Its  character  is  quite 

constant     The  beds  n      y  i  west,  and  those  forming 

tbe  walla  of  the  qiianj  «re  very  raicuceous. 

O'Connell  &  Hillery'a  (pL  74)  is  the  most  southern  qnany  and 
is  but  a  short  distance  from  the  Tuckahoe  railroad  station.  The 
rock  is  used  chiefly  for  making  lime,  but  in  recent  years  the  manu- 
facture of  marble  dust  has  also  begun.  The  following  analy^ 
of  the  stone  was  furnished  by  the  company. 

Carbonate  of  lime 70 . 1 

Carbonate  of  magnesia 25.4 

Insoluble  matter  , 2.4 

97.9 
Two  analyses  have  been  given  of  the  stone.    No.  1  was  made  by 
Prof.  P.  de  P.  Eicketts,  and  no.  2  by  W.  F.  Hillebrand. 

1  3 

Insoluble 1.33 

lime 30. 16       80. 68 
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Magnesia 21.25  20.71 

Carbonic  acid 47.3  46.66 

Ferric  oxid  •  •  • •  •            .21  ,21 

Water 02  .16 

Silica 24     , 

Alumina •  •  •  •  • .19  •••••• 

Loss 63  


100     99 . 75 


The  Tuckahoe  marMe  co.'s  quarry  is  f  of  a  mile  to  the  north. 
The  quarry  is  about  400  feet  long  and  40  feet  deep,  and  up  to  the 
present  time  the  stone  has  been  used  for  building  purposes  only. 

Still  farther  to  the  north  about  J  of  a  mile  is  Norcross  Bros.' 
quarry.  The  rock  is  similar  in  character  to  the  preceding  but  the 
quarry  is  smaller. 

The  quarry  at  Pleasantville  is  the  largest  in  Westchester 
county.  It  is  operated  by  O^Connell  &  Hillery,  successors  to  the 
Cornell  lime  co.  The  limestone  is  very  uniform  in  its  character, 
and,  on  account  of  its  white  color  and  coarsely  crystalline  char- 
acter, has  been  called  "snowflake  marble."  Nearly  the  entire 
production  of  this  quarry  is  used  for  the  manufacture  of  marble 
dust.  The  composition  of  the  rock,  according  to  an  analysis 
given  in  the  16th  annual  report  of  the  United  States  geological 
survey,  pt  3,  p.  468,  is  as  follows: 

Lime  carbonate 54. 62 

Magnesium  carbonate 45 .  04 

Lron  carbonate ,  .16 

Alumina  •  •  • .07 

BiUca .1 

99.99 


I. ' 
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T        3oes  not  quite  ngree  with  an  analysis  made  by  the  writer, 
which  represents  an  average  of  the  quarry  as  follows: 

Lime  ca  rbonnte 59 .  84 

Magnesium  carbonate   36 . 8 

Alumina .4 

Ferric  oxid ,  .25 

Silica !         2.31 


89.6 

A  Bioall  quarry  wa.  on  near  Scarsdale,  but  the 

rock  contains  conside  i  luritiea. 

CryBtalline  limestono  (  i  valley  of  Annsville  cove 

and  Sprout  brook  for  several  nd  is  exposed  at  a  number 

of  places,  specially  along  the  s  e  the  narrow  gage  railroad 
leading  up  to  the  Edison  magni  lies.    The  best  exposure  of 

this  is  in  the  quarry  Ij  miles  w  Peekaldll  rock.     The  rock 

is  a  fine  grained,  grayish  whi  c,  which  seems  to  be  the 

better  quality  toward  the  east  of  the  mine,  where  it  is  of 

a  darker  color.  The  working  i:i\:e  exposed  is  over  75  feet  long. 
The  following  analysis  made  by  J.  D.  Irving  shows  the  composi- 
tion of  the  stone,  and  illustrates  the  point  that  far  leas  magnesia 
exists  in  this  limestone  than  is  found  in  other  portions  of  West- 
chester county. 

Silica 2.5 

Ferric  oxid  and  alumina 1 .55 

lime  carbonate 81 .  64 

isium  carbonate 13 . 5 


99.19 


Other  exposures  of  this  same  rock  outcrop,  as  low  ledges  on 
the  property  of  Jlr  Higgins  about  2J  miles  from  Peekskill  village. 
Some  of  these  ledges  show  a  stone  of  considerable  purity,  whilo 
in  others  the  rock  is  rather  r 
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One  of  tlie  most  accessible  localities  in  Westchester  connty  is 
Verplanck,  where  a  large  quany  of  these  pre-Cambrian  limestones 

exists. 

Tales  eoimty^ 

No  beds  of  limestone  of  importance  are  known  in  this  connty, 
but  marl  may  be  found  perhaps  at  the  northern  extremities  of 
Orooked  lake. 

THE  CEMENT  INDUSTRY  IN  NEW  YORK  STATE 

Two  types  of  cement  are  made  in  New  York,  viz  Rosendale,  or 
natural  rock  cement,  and  Portland  cement. 

The  former  industry  was  the  earlier  established^  but  the  latter 
is  expanding  rapidly. 

Hatnral  rock  cement 

The  geologic  position  of  the  cement  beds  and  their  occur- 
rence has  been  mentioned  under  "  Geology  of  New  York  lime- 
stones ",  and  in  the  descriptions  of  Ulster,  Onondaga  and  Erie 
counties,  specially,  and  the  statistics  have  also  been  given.  It, 
therefore,  remains  to  give  a  brief  description  of  the  technology 
of  the  industry  as  carried  out  in  this  state.  The  general  process 
of  manufacture  of  natural  rock  cement  has  already  been  referred 
to  (p.  678). 

The  localities  at  which  the  greatest  development  in  the  methods 
of  manufacture  have  occurred  are  Rosendale,  Akron  and  Buffalo. 

Rosendale  region 

The  cement  quarries  are  located  at  Rosendale,  Lawrenceville, 
Binnewater,  Rondout  and  East  Kingston.  OAving  to  the  great 
amount  of  rock  overlying  the  cement  bed,  and  its  variable  dips 
(seldom  less  than  25®  and  sometimes  as  much  as  75°  or  80°),  the 


iHall,  James.    Yates  county,  (see  Geol.  4th  dist.  N.  Y.  p.  458) 
Wright,  B.  H.    Notes  on  geology  of  Yates  county,  N.  Y.  {see  35th  an.  rep't 
N.  Y.  state  mus.  p.  195) 
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common  method  is  to  mine  ont  the  cement  rock,  leaving  great 
pillars  to  support  the  roof  (pL  7&-77).  The  opening  along  the 
outcrop  maj  at  times  be  nearly  1000  feet  long.  Some  idea  of 
the  method  of  mining  may  be  gained  from  the  platen 

Great  falls  of  rock  sometimes  occur  (pL  78)  around  the  entrance 
to  the  abandoned  vorkings.  The  bed  is  commonly  worked  down 
on  the  dip,  and  the  slopes  are  sometimes  800  or  1000  feet  long. 

The  following  table  gives  the  number  of  firms  in  this  region, 
and  other  details  concerning  their  mines,  taken  from  F.  L. 
Nason's  report 

The  method  of  manufacture  is  well  illustrated  by  the  following 
description  of  the  works  of  the  Lawrence  cement  co.,  which  have 
a  capacity  of  530O  barrels  a  day.  The  rock  used  is  taken  from 
two  beds,  known  as  the  upper  or  light  rock  and  lower  or  dark 
rocL  The  two  are  mixed  and  broken  into  a  suitable  size  for 
charging  into  the  kilns.  These  kilns  are  of  stone,  lined  with  fire 
brick.  Alternate  layers  of  anthracite  coal  and  cement  rock  are 
charged  into  the  kiln,  a  layer  of  wood  being  placed  at  the  bottom 
to  light  the  fire  when  the  kiln  is  first  started. 

Each  day  the  burned  material  is  removed  from  the  bottom  of 
the  kiln,  while  fresh  fuel  and  green  rock  are  introduced  at  the 
top.  The  material  drawn  contains  a  certain  amount  of  imder- 
burned  and  overburned  rock,  the  former  going  back  to  the  kiln, 
while  the  latter  is  thrown  away.  The  normally  burned  rock  is 
taken  to  the  "  cracker  "  room,  where  it  is  crushed  in  crackers  to 
fragments  and  grains,  varying  from  dust  to  hickory  nut  size. 
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These  are  made  of  cast  iroii|  and  conaist  of  a  frnstnni  of  a  solid 
cone  called  the  corOi  working  concentricallj  within  the  imrerted 
frustum  of  a  hollow  coney  both  having  on  their  adjacent  snxfacsB 
suitable  grooves  and  flanges  for  breaking  the  stone  as  it  passes 
down  between  them.  From  the  crackers  the  crushed  eement  is 
carried  by  means  of  an  elevator  and  conveyor  to  a  sieve  11  feet 
long  and  10  inches  wide,  and  about  60  meshes  per  inch.  25jt  to 
27jt  passes  this  sieve.  That  which  does  not  pass  the  neve  goes 
to  horizontal  stone  mills,  where  it  is  ground  between  millstoneSi 
after  which  the  two  lots  of  fine  material  are  mixed,  and  then 
packed  in  barrels  for  shipment. 

Akron  district 

One  of  the  largest  plants  in  the  state  is  situated  at  this  locality, 
viz  the  Cummings  cement  co.  (pL  80,  81);  another  large  works 
also  near  this  town  is  the  Union  Akron  cement  co.  (pL  82,  83). 

The  Cummings  cement  company  has  676  acres  of  land,  and 
the  cement  bed  is  from  7  to  8  feet  thick.  The  beds  differ  from 
those  at  Bosendale  in  lying  almost  horizontally.  The  kilns  are 
34  feet  high,  eight  of  them  being  of  rectangular  crossHBection, 
9x22  feet  in  dimensions,  and  nine  of  them  round,  with  a  diameter 
of  9  feet.  During  the  calcination  much  of  the  cement  rock  be- 
comes clinkered,  and  is  separated  and  ground  by  itself  to  be  sold 
as  Portland  cement. 

At  this  works  a  general  system  of  reduction  is  used,  consisting 
of  1)  Sturtevant  crushers;  2)  Cummings  pulverizers;  3)  10  run 
of  42  inch  underrunner  millstones  faced  with  chilled  iron  plates; 
4)  10  run  of  42  inch  hard  Esopus  underrunner  millstones. 

The  material,  as  it  is  conveyed  from  one  to  another  of  these 
sets  of  crushers,  is  made  to  pass  over  screens,  whereby  such 
material  as  has  been  reduced  to  proper  fineness  is  separated  from 
the  mass  and  is  spouted  to  a  general  conveyor,  which  finally  re- 
ceives the  material  from  all  the  grinding  machines  and  conveys 
it  to  the  packing  house.  Each  set  of  crushers,  while  it  furnishes  a 
part  of  the  material,  reduces  the  sizes  of  the  unground  portion 
to  such  a  degree  that  the  material  which  is  fed  to  the  fourth 
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series  is  broken  and  worn  down  to  the  size  of  wheat  kernels  and 
is  exceedingly  hard  to  reduce.  The  harder  burned  portions  make 
a  cement  which  has  a  much  higher  tensile  strength  than  the 
normally  burned  product. 

The  method  of  manufacture  in  use  at  the  other  works  at  Akron 
is  somewhat  similar  to  that  employed  at  the  plants  at  other  locali- 
ties in  the  state,  but  the  kilns  are  in  part  of  a  more  modern  type, 
being  made  of  sheet  iron  instead  of  stone,  but,  like  the  others, 
they  are  lined  with  fire  brick. 

The  Union  Akron  cement  co.  is  also  contemplating  the  manu- 
facture of  Portland  cement. 

Buffalo  district 
The  Buffalo  cement  co.  has  quarries  on  Main  street  near  the 
belt  line  of  the  New  York  Central  railroad  (pi.  84).    The  cement 
bed  underlies  the  Onondaga  limestone.    The  section  in  its  quarry 
shows: 

Feet 

Cherty  limestone •  •  • 7 

Massive  limestone 4 

Impure  limestone  called  "  bullhead  " 6 

Cement  rock 4 

The  rock  is  burned  in  the  ordinary  stone  kilns  lined  with  fire 
brick,  there  being  10  of  them,  set  in  two  rows.  The  rock  is 
loaded  on  cars  and  hauled  up  an  inclined  plane  to  the  top  of  the 
kiln,  into  which  it  is  charged  together  with  the  coke  that  is  used 
for  fuel. 

Both  the  normally  burned  and  the  clinkered  material  are  fed 
into  the  grinding  machinery.  The  first  set  of  machines  are 
Steadman  disintegrators,  and  from  these  the  material  is  passed 
over  a  screen,  all  that  passes  through  representing  the  normally 
burned  cement  rock.  The  clinkers  which  are  not  broken  fine 
enough  by  the  disintegrators  to  pass  through  the  screen  are  con- 
veyed to  a  Griifin  mill,  where  they  are  ground  to  make  Portland 
cement.  The  total  capacity  of  the  plant  is  about  750  barrels  a 
day. 
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Another  cement  works  and  quany  are  located  at  Falkirk,  and 
operated  by  H.  L.  &  W.  0.  Newman,  and  also  the  Union  Akron 
cetaent  co. 

Onmido^a  rovnty 

Natural  rock  cement,  or  walcrlinie,  as  it  is  locally  called,  ia 
BBfinufactured  at  a  number  of  points  in  the  vicinity  of  Syracuse. 
The  inctlioJs  of  maniLfacture  employed  are  similar  to  those  in  use 
in  the  Roseiidale  region,  but  the  workings  are  all  surface  opera- 
tions,  and  the  cement  beds  are  not  so  thick. 

The  following  hst  of  cement  p  icers  ia  taken  from  Luther's 
report,  p.  271. 

T.  W.  Sheedy.  Mill  and  three  kilns,  1  mile  north  of  Fayette- 
ville;  (juarriea  on  Dry  hill,  southeast  of  Fayetteville. 

Bangs  &  Gaynor.  Killfi  and  four  kilns  at  Fayetteville;  quai^ 
ries  on  Dry  hill. 

J.  Behan  estate.  Hill  and  four  kilns,  1  mile  north  of  Man- 
lius. 

A.  K.  Alvord.  Nine  kilns  and  quarries  on  east  side  of  West 
Shore  railroad  at  Manlins  (pi.  85);  inill  at  Syracuse, 

Brown's  quarry,  operated  by  Eaton  Bros,  at  Edwards  falls,  IJ 
miles  southwest  of  Manlius;  mills  and  one  kiln. 

R,  Dunlap,  J  mile  north  of  Jameaville.  Five  kilns  and  mill; 
quarry  on  hill  east  of  works. 

E.  B.  Alvord  &  Co.  Hill  and  two  kilns  in  village  of  Jameaville; 
quarry  I  mile  south  of  works  on  east  side  of  Butternut  creek. 

Britton  &  Clark.  Mill  and  seven  kilns  near  Delaware,  I^ck* 
awanna  and  Western  railroad  at  north  end  of  Jamesville  rock  cut 

L.  II.  Walker.    Cement  mill  near  llarcellus  Falls,  and  quarry. 

P.  0.  Corrigan,  Mill  and  two  kilns  at  Skaneatelea  Falls,  and 
two  quarries,  one  on  eacli  side  of  Skaneateles  outlet. 

[Several  pages  by  Dr  Ries  on  the  Portland  cement  mduatiy 
which  followed  here,  have  been  replaced,  at  the  request  of  the 
director,  by  the  sketch  of  that  industry  given  in  Appendix  B. 
This  change  was  made  at  the  suggestion  of  Dr  Bies,  Jan.  SO, 
1902.] 
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PRODUCERS  OF  LIME  AND  NATURAL  CEMENT* 


OODMTT 


posTorriOK 


FIRM 


looation  of  qVABBT 


Albany 

Albany 

Callanan  road  improve- 

ment  co. 

South  Bethlehem 

Aquetuck 

Carl  Snyder 

Coeymans 

Kew  Baltimore 

William  Fuller's  Sons 

New  Baltimore 

Bavena 

Abraham  Day 

Coeymans 

•  < 

W.  V.  D.  If.  Defriest 

<c 

c« 

David  Hotaling 

•  « 

<< 

William  Hughes 

l« 

<c 

Conrad  McCullock 

•  « 

CaTOg* 

Auburn 

J.  Rennett  Sr.  Son 

Auburn 

- 

« < 

I.  8  Goodrich  &  Son 

« i 

Rochester 

B  P  Smith 

Union  Springs 

Skaneateles  Falls  Levi  Starr 

Sennet 

Union  Springs 

J.  L.  Shalebo 

Springport 

« t 

G.  P.  Wood 

Hamburg 

Chenango 

Oxford 

William  Lally 

( « 

Clinton 

Chazy 

Chazy  marble  lime  co. 

Chazy 

« « 

L.  M  Goes 

« t 

Plattsburg 

H.  Behan 

Plattsburg 

<  • 

G.  W.  Pray 

Peru 

<« 

T.  Robinson 

Plattsburg 

Columbia 

Hudson 

Shute  &  Rightmyer 

Jonesburg       and    * 
Hudson 

Jonesburg 

F.  W.  Jones 

Greenport 

DutoheM 

Dover  Plains 

G.  V.  Bensen 

Dover 

Pleajtant  Valley 

Evert  Russell 

Pleasant  Vallej 

Poughkeepsie 

F.  R.  Bain 

Dover 

•  < 

H.  D.  Hufcut 

«« 

CI 

M.  Lawler 

<< 

Stoneoo 

Hud.  Riv.  stone  sup.  oo. 

Stoneoo 

Bria 

Akron 

H.  L.  &  W.  C.  Newman  Newstead 

«« 

Union  Akron  cement  co. 

« « 

Bellevue 

B.  A.  Lynde 

Bellevue 

Buffalo 

E.  J.  Ambrose 

Buffalo 

«• 

J.  Armbruster 

<• 

•• 

Barber  asp.  pay.  oo. 

«• 

•• 

Buffalo  cem.  oo.,  ltd. 

•  • 

<c 

Consumers  lime  oo. 

Clarence 

••    or  Akron 

CumriiinKS  cement  oo. 

Akron 

•< 

Cutter  <^  Bailey 

Buffalo 

•• 

D.  R  &  H.  Fogelsonger 

Amherst 

<< 

Anna  Gehres 

Buffalo 

<< 

J.  Gesl  jr 

<< 

1  For  producers  of  Portland  cement  see  Appendix  B. 


Erie 

Buffalo 

Grattan  &  Jenuiag/i 
Marl  in  Ksbel 

BuSaIo 

A.  P.  Kehr 

Clarence 

P.  G  Straub 

EaiTwhiU 

A.  Fi.-«1« 

" 

WilliamBTille 

J.  B.  &  F.  H.  Young 

Williams  ville 

Gssei 

Burlington  Vt. 

Burlinjiton  mfg.  oo. 

Port  Henry 

Newark  N.  J. 

Anderson  &  Mojrnebftn 

Newcomb 

WillBbori)  Point 

C.  W.  Frisbie 

Will-boro 

Pulton 

OranbeiTj>  Creek 

W.  Kegg 

Willis  E.  WarrOT 

Nurthamptoa 

Dolp-TiHe 

A.  Dolge 

Gloversville 

Hajfieldlimeoo. 

Ma;  field 

MayGetd 

8.  B.  Warner 
Edward.  Christie 

Genesee 

BftUvia 

A.  Berthutt 

Bfltavi. 

w 

J.  E,  Brown 
J.  Heinlioh 

Leroy 

a  H.HofanM 

«• 

L.B.H0W0U 

•• 

HoRbftStrabel 

" 

Fftngnsio  Braa. 

" 

Gfeene 

ChlaUn 

C«tokmqo«aT0O. 
a.  W.  Holdrodge 
H.  P.  Palmer 

OitAffl 

Climax 

D.  G.  EasweU 

CoisacUe 

Cozsflckfe 

A.  Day 

•• 

Smiths  Lauding 

J.  H.  Gould 
William  Maaaino 

CUsbill 

Urlton 

J.Day 

Urlton 

Herkimer 

Columbia 

A.  Manning 

ColumbU 

Ingrain  Mills 

Sherman  Butler 

Hanheim 

Little  Falls 

B.  J.nes 

" 

Middleville 

W.  W.  Moiher 

Newport; 

Mohawk 

J.  W.  Humphrey 

Columbia 

Newport 

John  Dunn 
Gilbert  Higgina 
Newell  Murray 
G  H.  O'Connor 
John  Sherman 
C   Smith 
Daniel  Toumey 

Newport 

North  Litchfield 

\.  It   "Hfies 

Cll:  rlr-  H|.l;90n 

n.  E.  Holl.mi 

UtchfleW 
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LOCATION  OF  qaiBBl 


Herkimer          North  Litchfield 

J  E.  Salisbury 

Litchfield 

PrO'^pect 

G.  L.  Talcott 

Russia 

West  Winfield 

A.  P.  Bradley 

Winfield 

Jefferson           Gape  Vincent 

William  Anthony 

Cape  Vincent 

» « 

B.  A.  Davis 

«« 

Chaumont 

Adams  &  Duford 

Chaumont^ 

«• 

Ghaumont  co. 

Lyme 

Clayton 

Leander  Denny 

Clayton 

Natural  Bridge 

E.  &  W   Hall 

Wilna 

Redwood 

J.  McDonald 

«« 

Threemile  Bay 

J.  J.  Barron 

Lyme 

Theresa 

Loth  Miller  &  Son 

Theresa 

Watertown 

H.  S.  Cory 

Leray 

<• 

A.  Gould 

Watertown 

c< 

8.  E.  Hunting 

Pamelia 

•  I 

G.  J.  Lefevre 

Watertown 

cc 

A.  V.  Mayhew 

« « 

c< 

P.  Phillips 

«•? 

l< 

E.  Williamii 

*•? 

Lewis               CollinsYiUe 

H.  D.  Jones 

West  Turin* 

•  « 

M.  N.  Potter 

<• 

«• 

R.  W.  Roberts 

«i 

CI 

H.  Schultz 

CI 

•  < 

W.  Whittlesey 

cc 

«< 

B.  B.  Williams 

CI 

Harrisville 

Mary  Brady 

Diana 

Leyden 

M.  Auer 

Leyden 

Lowville 

William  L.  Babcook 

L.  H.  Carter 

<« 

J.  T.  Campbell 

•  • 

«« 

Hiram  Gowdy 

1  • 

•  « 

M.  M.  Lyman 

« < 

•  • 

J.  Moran 

•  1 

«« 

J.  M.  Waters 

« « 

Natural  Bridge 

F.  E.  Ashcraft 

Diana* 

I.yon  Falls 

OrvUle  Poet 

We8t  Turin 

Madison             Caz  novia 

J.  T.  Burr 

Feuner 

Chittenaugo  Falls  C.  Keeler 

« • 

«• 

C.  F.  Keeler  &  Son 

•  4 

<c 

D.  J  Tooke 

1 1 

<« 

W.  M.  Winchell 

•  • 

Munnsville 

F.  Adams 

Stock  bridgje 

Oneida 

Mrs  C.  L.  Faulkner 

Oneida 

1  Going  outk 
t  Closed. 


r 

MBW   Y 

iltK  STATE    MUSECK 

~~W 

„,„ 

Kwromos 

™. 

^™.,„„„ 

MldiBOD 

Perrjville 

Mrs  F.  W.  Hodge 
C.  Worlock 

Ballivan 

Stockbridge 

T.  B,  Jarvia 

StocLbridga 

Jlouraa 

BooliMtcr 

Foery  &  Kaetner 
I.auer  &  nagatuan 
J.  B.  NellJH.  admin. 
J.  B.  PikP 
Boch ester  lime  oo. 
Whitmore,    Rauber 

& 

Rochtotet                         ■ 
Oatec                             1 

MontKometT 

Amsterdftm 

AmstPrdam  city  quart; 

Anut-'oUn                   1 

J.  M.  Gmwold 

1 

D,  C.  Hewitt 

H.  Stain 

OuiiiiJ'>harie 

William  Allen 

„ 

A.  s.  *  D.  a  Bkmm 

„ 

Bockton 
BtJolumlUa 


lf(rtw<rt  TalhrrtaMM  HtatiM 


NiHgan  Buffalo 

Lot-hport 


AUtarBros.  I 

•O.  Fitnr 
0.  RalU^r 
D.  Fox 

T.  N-gte 

D.  Place 

A.  A.  Rroith 

TV.  C.  Smith 

H.  Hurst  dC  Son  1 

J.  O.  Putnam 

J.  Shaxnhan 

German  Itivk  asphalt  00.  I 

J.  Bendiiier 

U.  F.  Ileary 

W.  B,  Levalley 

W.  E.  Liickner 

Lock  port  ftune  CO. 

J.  Sanders 

J.  Shine 

C  H.  Stainlh  ^rpe  ft  Co. 

P.  H.  Tuohey 

W.  H.  Ui«» 

T.  G.  WatMB 

G  WhiLiKm 
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CX>nifTT                            POSTOKFlCiC 

FIBM 

UXUTIOH  OF  qUABRY 

Niagara            Lockport 

J.  H.  Wilson 

C< 

<  • 

Woodward  &  Son 

<c 

Niagara  Falls 

Dean  &  Hiffman 

Niagara 

i  ( 

B.  Messing 

« ( 

« t 

M.  O'Rourke 

«« 

Wolcottville 

W.  J.  Luckmaa 

Royalton? 

Oneida              Boonville 

A.  J.  Lee 

Boon  vi  lie 

Franklin  Iron 

Works 

M.  Juhl 

Augusti 

Holland  Patent 

J.  G.  Hillidge 

Trenton 

North  Weston 

J.  D.  Vale 

We«to'i 

<  < 

J.  H.  Van  Dyke 

<  t 

Oriskany  FaUs 

Putnam  estate 

Orisksiny  Falls 

Prospect 

E.  T.  Thomas 

Trenton 

Sauquoit 

W.  W.  Thurston 

Paris 

Utica 

E.  Callahan 

Trenton 

« ( 

F.  E.  Conley 

OriskHny  Falls 

Onondaga         East  Onondaga 

J.  P.  Hibbard 

Onon<iii;;a 

Fayetteyille 

Bangs  &  Gaynor 

Manilas 

<< 

H.  B.  Ransier 

«< 

«• 

T.  W.  Sheedy 

•  c 

HarUot 

P.  0.  Corrigan 

Elbridge 

<< 

A.  Gorham 

«< 

«c 

0.  Heavem 

<< 

«< 

J.  Keenan 

<< 

Jamesyille 

E.  B.  Alvord  &  Go. 

Dewitt    and    La* 
fayette 

«« 

B.  Dunlap  &  Co. 

Dewitt 

ICanlius 

A.  E.  Alvord 

Bianlius 

( « 

J.  Behan  estate 

«< 

«« 

Brown  cement  oo. 

<< 

liarcellus 

William  Malley 

<• 

Harcellus  Falls 

L.  E.  Walker 

Maroellus 

Onondaga  Oastle 

Kelly  Bros. 

Onondaga 

<c 

McElroy  &  Son 

cc 

« < 

Storrier  Bros. 

•  • 

Bplitrock 

J.  Connors 

f  < 

t  i 

C.  Crowley 

<« 

Syracuse 

Britton  &  Clark 

•  f 

Hughes  Bros. 

•  I 

Kelly  Bros. 

•  • 

Solvay  process  oo. 

•  < 

C.  Thomas 

if 

G.  Walsworth 

•  i 

Putnam 
Rockland 


Can&ndaigua 

F.  McNulty 

Canandoigtia 

Phelps 

B.  Edson 

W.  U.  JohDaon 

Phelps 

Johiiiou 

House  &  Brown 

Johnson 

Newburgh 

J.  J.  E.  HaniBon 
G,  W.  &  D.  a  Milter 

Newburgh 

Pine  lalud 

C.  EUton 

Warwick 

Port  JerriB 

H.  S.  Whitmon 

Port  Jervi* 

Warwick 

T.  Putt 

Warwick 

Albion 

B  Johnson 

Barre 

CI  a  rend  DO 

M.  Murphy 

Shelby 

E,  B  Simonds 

Shelby 

Cherry  Valley 

0.  U   Eldridge 

Cherry  Valley 

SprinRfieldCent 

r  W.  McDonougb 

Springfield 

Townere 

P.  D.  Penny 

Patterson 

Tomkiiw  Cuve 

Tomkina  Cove  stone  oo. 

Tomkine  Cove 

Hooflick  Falls 

William  Carej 

J.  Dolin 

C.  McCflffcry 

Hoosick  Fallfl 

Bip-low 

C.  WimamaAOo. 

DeKalh 

Brwie  Oorae»B 

W.  Fleming 
R.  O   Hall 

McComh 

Canton 

Canton 

Crary  MUIb 

Ashley  Church 

Potedam 

Qouvfrneur 

C.  A.  Potter 
e.  J.  Wright 

Fowler 

" 

J.  B.  Abbott 

Empire  marble  oo. 

Oouverneur  marble  oo. 

" 

North.  N.  T.  marble  CO. 

•  • 

" 

St  Lawrence  muble  00 

•  < 

Hickory 

V.  Ingram 
William  Perin 

UcComb 

Norwood 

G.  W.  Hale 
J.  h.  Murrar 

Potsdam 

Ogdensburg 

M.  Fi*nk  &  Son 

J.  F.  Howard 

'• 

J.  McConviUe 

•■ 

J.  H.  NeTin 

Oswegatchie 

G.  A.  Wrisht 
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LOOATioy  or  quabri 

Saratoga           Saratoga  SpriDgs  C.  G.  Slade 

Greenfield 

1 1 

I.  F.  Wagar 

Milton 

SandyhiU 

D.  Sturtevant 

South  Glens  Falls 

Saratoga  Springs  M.  H.  Gorman 

South  Greenfield 

E.  Wing 

Milton 

SchohariA          CobleskiU 

F.  Baard 

CobleskiU 

J.  Brandenstein 

<  ( 

CobleskiU  quarry  ca 

<< 

William  Reilly 

<< 

J.  C.  Rodgers 

<« 

Whalen  Ross  &  Co. 

« « 

Howe  Cave 

Helderberg  cement  co. 

Howe  Cave 

Middleburg 

A.  Bishop 

i  ( 

Schoharie 

C.  L.  Becker 

Schoharie 

i « 

A.  Brown 

c  < 

C  i 

E.  Farquer 

<« 

Sharon  Center 

W.  Crounse 

Sharon  Center 

Sharon  Springs 

F.  C.  Mallet 

Sharon 

( I 

H.  S.  Smith 

( • 

«« 

J.  Smith 

<< 

ft 

W.  T.  Smith 

<« 

Seneca               Seneca  Falb 

J.  Fisher 

Fayette 

Waterloo 

D.  Babcock 

c « 

« « 

Edson  Bros. 

Waterloo 

<  < 

G.  C.  Thomas  &  Bro. 

« t 

Ulster                Accord 

J.  Bennett 

Rochester 

i « 

G.  Krom 

« « 

<« 

A.  N.  Longendyke 

« « 

«< 

W.  H.  Rose 

<< 

«< 

J.  Wakeman 

<< 

Brooklyn 

P.  H.  Flynn 

Saugertiee 

EUenville 

B.  Vandermark 

Wawarsing 

Kaatsbaan 

W.  Fiero 

Saugertiee 

1 1 

L.  H.  Gallagher 

<  c 

Kerhonkson 

N.  Christianer 

Kerhonkson 

t  < 

E.  n.  Jordan 

Rochester 

Kingston 

L.  Noone 

Kingston 

Mettacahonts 

S.  Gray 

Rochester 

Napanoch 

Young  &  Humphrey 

«« 

ffewconab 

J.  R.  Sayre  jr  &  Co. 

Kingston 

New  York 

The  Newark  &   Rosen- 
dale  lime  and  cement 

00. 

Whiteport 

Rondoat 

F.  W.  Gross 

Kingston 

«• 

Lawrence  cement  co. 

«« 

Fb4I 
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Ulster 

Bondoul 

Newark  lime  and  ccnien 
mfK.  CO. 

N.  Y.  and  Roeendale  ce- 

. 

ment  CO, 

i 

SauRertiPS 

P.  H.  Fljnn 

Saugcrtiee 

Stoiii-ryge 

J   Biislen 
S,  Davraport 

Marliletown 

Wawareing 

0.  a  Hoodibeet 

Wawarsing 

WhitGeld 

&     Ho-l^o 

Rochtrster 

Wttirea 

Olens  Faltn 

i     lime    com 

i  Dclod  in  g  Glens 

ro. 

Queensbory 

*• 

Join  It      me  co. 

t' 

" 

•' 

Sh?rioaii  liiue  co.  and 

Mors       liMieco. 

■' 

Baadjhill 

Drak.        trattOQ  co.  ltd. 

Thnrman 

J.  Pel        r 

Thurman 

Ticonderoga 

r.  Jouo  t 

Bolion 

West  Troy 

G,  Mama 

Glens  Fatla 

WuhiDgton 

Fort  Edn-ard 

O.  F.  Harris 

Whitehall 

Oreeawich 

H,  C.  Bennett 

Greenwich 

Miildlefalls 

H.  B,  Batfs 

J.  M.  QroulT 

" 

A.  Kenyon 

J.  Klpperly 

P.  Sullivan 

SftDdyhill 

Monty  Higly  &  Co. 

KlngihniT 

Smiths  Basin 

Keenan  lime  oo. 

BmithaBarin 

" 

D.  Nichols  &  Son 

Hartford 

Trof 

W.  D.  Cheney  ft  Son 

Sraiiha  Basin 

WhitehaU 

T.  Adams 

J.  UcUughliD 

Whitehall 

Wajiw 

Joy 

WiUiam  Horn 

Sodna 

Lincoln 

T.  0.  Gould 
William  Hanson 

Walworth 

8odu8  Center 

R  a  Mather  &  Co. 
O.  A.  Hunn 

Sodna 

Walworth 

W.  L.HaU 
0.  Munn 
J.  Read 

Walworth? 

I 
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ijOOATIOff  OF  qOAB  MM 


Wayne 

Wolcott 

A.  Poet 

Butler 

i  < 

C.  J.  Walker 

•  < 

Westchester 

New  York 

0*Coiiuell  &  Hillery 

Tuckaboe 

i  c 

Soo^  flake  marble  co. 

Pieasantville 

Pleasantrille  Sta. 

Cornell  lime  co. 

Mt  Pleasant 

Ossioing 

Henry  Marks 

Ossining 

<  < 

Sing  Sing  lime  oa 

<  i 

Tuckahoe 

N.  Y.  quarry  co. 

EastCbester 

<« 

Norcroes  Bros. 

I « 

«< 

Tuckaboe  marble  co. 

«< 

<• 

J.  S.  Young 

«< 

Verplanck 

Brown  &  Fleming 

Verplanck 

PEODUCERS  OF  NATURAL  ROCK  CEMENT 
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POSTOmCB 

FIRM 

LOCATION  OF  qVABBl 

Akron 

Cummings  cement  co. 

Akron 

Buffalo 

Buffalo  cement  co. 

Buffalo 

Falkirk 

Akron  cement  co. 

Falkirk 

« I 

H.  L.  &  W.  C.  Newman 

C  ( 

FayetteviUe 

Bangs  &  Gaynor 

Fayetteville 

i« 

T.  W.  Sbeedy 

<< 

JameeyiUe 

E.  B.  Alvord  &  Co. 

James  ville 

«« 

B.  Dunlop 

t  < 

lianlius 

A.  E.  Alvord 

Manlius 

• « 

J.  Beban  estate 

t  4 

<< 

Elaton  Bros. 

Edwards  falls 

Marcellus  Falls 

L.  H.  Walker 

Marcellus  Falls 

Skaneateles 

P.  C.  Corrigan 

Skaneateles  Falb 

Syracuse 

Britton  &  Clark 

Dewitt 

Binnewater 

Lawrenceville  ca 

Binnewater 

<< 

Higb  Falls  &  Binnewater 

1 

Co. 

<< 

Bmceyille 

J.  H.  Vandermark 

Bruceville 

Higbfalls 

D.  A.  Barnbardt 

Higbfalls 

<  c 

F.  O.  Norton 
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Quicklocks 

Bondout 

Lawrence  cement  co. 
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•  « 

Lawrenca  certoent  co. 

EddyriUe 

•« 
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Esopiis 

$* 

Tiawrence  cement  co. 

liawrenceyiUe 

Erie 


Onondaga 
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Appendix    A 

EAKLY  HISTORY  OF  THE  PORTLAND   CEMENT  IN- 
DUSTRY IN  NEW  YORK  STATE 

BY  EDWIN  C.  ECKEL    C.E. 

It  seems  desirable  to  explain,  at  the  outset  of  this  brief  sketch 
of  the  early  history  of  an  important  industry,  the  very  slight 
extent  to  which  the  nominal  author  deserves  credit  for  the  matter 
submitted.  This  prefatory  explanation  is  the  more  necessary  be- 
cause, for  a  reason  stated  farther  on,  quotation  marks  and  sepa- 
rate credits  have  been  omitted,  except  in  a  few  cases;  and  their 
absence  might  lead  the  reader  to  the  supposition  that  the  sketch 
was  offered  as  an  entirely  original  contribution  to  the  history 
of  our  Portland  cement  industry. 

In  the  columns  of  Engineering  news  for  May  31  and  July  26, 
1900,  communications  were  published  from  Messrs  J.  Gardner 
Sanderson,  of  Scranton  (Pa.)  and  Edward  Duryee,  of  Colton 
(Cal.)  Their  papers,  while  primarily  written  for  the  purpose  of 
clearing  up  certain  doubtful  points  regarding  early  use  of  the 
rotary  kiln  in  the  United  States,  contained  many  interesting  facts 
concerning  the  history  of  the  Portland  cement  industry  in  New 
York  state. 

Later,  while  engaged  in  the  preparation  of  a  paper'  describing 
the  present  condition  of  Portland  cement  manufacture  in  this 
state,  I  entered  into  correspondence  with  Messrs  Sanderson  and 
Duryee  regarding  their  early  experiments,  intending  to  make  use 
of  their  notes  in  an  introduction  to  the  paper  mentioned.  The 
material  which  they  placed  so  generously  at  my  disposal  seemed, 
however,  of  too  detailed  and  interesting  a  character  to  be  used  in 
the  manner  I  had  purposed,  particularly  as  such  use  would  have 
required  that  the  account  should  be  greatly  condensed. 

1  Portland  cement  industry  in  New  York.    Enjf.  news.    May  IC,  1901 
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The  preeent  paper  ia,  witli  the  esrppiion  n{  a  fow  facts  which 
I  bare  obtained  from  otlier  smirces,  liased  entirely  on  th''  incm- 
oranda  rabmitted  by  Mphsts  Sanderson  and  Duryee.  Part  of 
this  material,  as  baa  been  explained  above,  was  puhliahed  by  ihem 
in  Engineering  nawa. 

Qnotation  marks  and  separnto  credits  have  been  genwally 
omitted  because,  at  leait  sn  far  aa  the  history  of  the  Monteziini;t 
plant  and  the  early  Portland  eeniont  plnnls  in  the  lower  Hudson 
Taller  ia  oonceraed,  the  mailer  liei-e  submitted  is  merely  one  long 
set  of  quotations  from  the  letters  or  papers  of  the  gcntlemeii 
mentioned. 

Hatieiui!  Fartland  cement  co.,  Kingston 
The  earliest  ezperimcnts  in  the  manufacture  of  Portland 
cement  in  this  state,,  appear  to  have  beea  those  carried  on  in  the 
Roeendale  region  about  1S75-76.  They  were  made  by  a  llr 
Dnnderdale  at  East  Kingston,  Ulster  co.,  Messrs  Cornell  and 
Ooykendall  f iimishing  the  capital.  The  materials  used  were  marl, 
bronght  by  way  of  the  Erie  canal  from  the  Montezuma  marshes, 
and  ft  clay  obtained  near  the  plant.  Cement  of  a  very  high  graJe 
was  manufactured,  but  the  materials  and  processes  used  were  of 
too  expensive  a  character  to  permit  the  experiment  to  become  a 
financial  success.  The  details  of  the  experiments  are  not  at  pres- 
ent obtainable,  but  some  idea  of  the  methods  followed  and  of  the 
general  high  quality  of  the  product  may  be  gained  from  the  fol- 
lowing, extracted  from  the  published  report,  by  Gen.  Q.  A.  Gill- 
more,  on  the  cements  exhibited  at  the  Philadelphia  exposition 
of  1876. 

It  is  deemed  proper  as  a  subject  of  general  interest  to  refer 
briefly  to  some  cements  not  represented  in  the  exhibition. 

The  National  Portland  cement  co.,  of  Kingston,  Ulster  co. 
(N.  Y.)  has  recently  been  organized  for  making  Portland  cement 
by  the  fourth  method  above  described.'    The  materials  employed 

i  This  "  fourth  method  "  here  noted  wf 
ot  the  report,  the  double-kilning  process,  i 
burned  ajid  slaked  before  being  mixed  with  the  clay. 
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are  fullers'  earth,  kaolin  and  lime.  They  are  thoroughly  ground 
and  mixed  together  in  suitable  proportions  by  the  wet  process, 
although  much  less  water  is  used  than  in  the  English  works  or  in 
those  at  Boulogne.  The  mixture  when  completed  is  in  a  rather 
stiff  semiliquid  state.  In  this  condition  it  is  run  out  upon  a  floor 
underlaid  with  warming  flues,  where  it  is  dried  to  the  stiff  of 
tempered  brick  clay.  It  is  then  passed  through  a  brick  machine, 
and  subsequently  burnt  in  common  continuous  upright  kilns  with 
anthracite  coal. 

Specimens  of  this  cement  have  been  tested  several  times  by 
the  writer  with  excellent  results.  On  the  last  occasion  the  method 
adopted  with  the  cements  in  the  exhibition  was  strictly  followed, 
li  inch  cubes,  seven  days  old,  composed  of  equal  parts  of  dry 
cement  and  sand,  gave  a  crushing  strength  of  3335  lb.  per  cube, 
as  an  average  of  20  trials,  being  a  little  higher  than  the  best  Port- 
land cement  exhibited,  as  shown  by  the  table. 

Succeeding  this,  in  point  of  date,  was  a  small  plant  at  Low 

Point,  Dutchess  co.,  erected  by  the  engineer  and  contractor  for 

the  first  Poughkeepsie  bridge.     Some  cement  was  made  here, 

and  used  in  the  tower  foundations,  but  the  failure  of  the  bridge 

project  also  ended  the  cement  experiments. 

Wallkill  Portland  cement  co. 

During  the  winter  of  1877-78  Messrs  J.  Gardner  Sanderson 
and  T.  T.  Crane  carried  on  a  series  of  experiments  at  Croton  on  the 
Hudson.  A  small  upright  kiln  was  in  use,  with  a  Bogardus  mill, 
and  the  power  whicli,  during  the  summer,  was  used  in  brick- 
making.  These  experiments,  and  the  analysis  of  a  large  number 
of  specimens  of  possible  materials  convinced  the  experimenters 
that  the  Hudson  river  limestones  generally  contained  too  high 
a  percentage  of  magnesium  carbonate,  and  the  clays  too  much 
free  sand,  to  be  suitable  ingredients  of  a  Portland  cement.  Cer- 
tain strata  of  limestone,  however,  belonging  to  the  Helderberg 
groups^  (the  outcrops  of  which  extend  approximately  north  and 

1  Limestone  from  the  same  horizon  is  now  being  used  in  the  manufacture 
of  Portland  cement  by  two  companies,  the  Catskill  cement  co.  and  Alsen'a 
American  Portland  cement  co.,  both  plants  being  situated  a  short  distance 
south  of  Catskill. 


r 
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south,  a  short  distance  west  of  the  Hudson  river,  crossing 
KdiuJout  crofk  near  South  Hondout)  were  found  to  lie  remark- 
ably puTO  and  free  from  ningnesia  nnd  well  adapted  to  their 
purpose.  As  above  slated,  most  of  the  clay  deposits  near  tbc 
Hudson  river  carried  too  much  sand  to  be  of  use.  After  carefiii 
search  suitable  clays  were  found  away  from  the  river,  the  best 
being  found  in  an  extensive  deposit  near  X^boenicia,  on  the  Ulster 
and  Delaware  rnilroad. 

1880  the  Wallkill  Portland  poniPTit  eo.  was  organized.  The 
limestone  and  elay  properties  above  referred  to  were  purchased, 
end  an  abandoned  flour  mill  at  Carthage  Landing  on  the  Hndsoo 
was  leased  and  equipped  with  suitable  machinery,  a  dr>ing  chan- 
nel and  two  upright  kilns.  The  manufacture  of  Portland  cement 
was  commenced  at  these  works  early  in  18S1,  The  product, 
though  small  in  quantity,  was  of  excellent  quality  and  had  a 
ready  sale.  Testa  and  reports  by  Mesars  Clark  and  Maciay 
demonstrated  the  value  of  tlie  cement,  and  the  experimentcn 
were  satisfied  that  the  manufacture  could  be  made  a  commercial 
success  on  a  larpcr  scale.  At  both  the  Low  Point  and  Carthage 
Landing  plants  ga&hoase  coke  was  osed  for  fneL 

Average  analyses  of  the  clay  and  limestone  used  are  given 
later  in  this  paper,  in  discussing  the  operations  at  South  Ron- 
dont.  A  typical  anah-sb  of  the  cement  made  at  Carthage  Land- 
ing follows, 

Ijme 59 .43 

Magnesia 1.72 

Peroxid  iron 5.17 

Alumina 8.13 

Carbonic  acid 

Silica 24.1 

Water,  alkalis,  etc 1 .  45 

100 


CHAPTERS   OX    TllE    CKMENT    INDUSTRY  853 

In  the  latter  part  of  1881  work  was  commenced  on  a  plant 
located  on  the  limestone  property  near  South  Rondout,  and  works 
with  a  capacity  of  200  to  300  barrels  a  day  were  put  in  operation 
in  1883.  These  works  were  equipped  with  Blake  crushers,  cone 
grinders,  burstone  mills,  mixers,  and  formers.  16  upright  dome 
kilns  were  in  use,  with  a  drying  channel  connected  and  heated 
by  the  waste  gases  from  the  kilns.  The  limestone  and  clay  were 
crushed,  ground  and  mixed  dry;  then  steamed  and  formed  into 
bricks,  which  were  loaded  on  iron  cars  and  run,  by  gravity, 
through  the  drying  channels. 

For  some  time  after  manufacture  had  been  in  progress  at  these 
works,  the  gas  companies  of  New  York  and  Albany  had  supplied 
the  necessary  coke  for  burning  the  material,  but  the  introduction 
of  the  water  gas  process  cut  off  this  source  of  fuel  supply.  This 
left  the  plant  dependent  upon  Pennsylvania  coke,  the  cost  of 
transportation  and  handling  of  which  increased  the  cost  of  cement 
manufacture  very  largely.  %  Mr  Sanderson  therefore  commenced 
experiments  on  the  use  of  crude  Lima  oil  as  fuel,  but  found  that 
the  clinkering  of  the  cement  materials  in  front  of  the  burners  pre- 
vented the  heat  from  entering  the  charge.  Knowing  that  this  same 
difficulty  had  been  met  in  metallurgic  operations,  and  overcome 
by  the  use  of  rotary  furnaces,  his  attention  was  directed  toward 
Btich  furnaces  or  kilns,  as  presenting  a  possible  solution  of  the 
problem. 

The  kiln  adopted  was  a  form  which  had  been  patented  in  1881 
by  Dr  George  Duryee,  of  New  Jersey.  In  October  1888  one 
kiln  was  put  into  operation  at  the  South  Rondout  works.  This 
kiln  was  60  feet  long  and  50  inches  in  diameter.  The  upper  end 
was  at  first  made  50  inches  higher  than  the  lower  end,  but  later 
this  was  reduced  to  30  inches.  On  trial  this  was  found  to  be  a 
very  satisfactory  method  of  burning,  the  one  kiln  handling  all 
the  material  the  mill  could  supply,  and  producing  a  uniform  and 
high  grade  product.  Of  still  greater  importance  was  the  fact 
that  it  was  found  possible  to  charge  the  mixed  and  ground  raw 
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iiinterinl  ectlv  to  tlie  kiln,  witlioiit  ppeliminary  wetting,  making 
into  bricks  niid  drying.  This  was  the  first  American  plant  at 
which  thia  practice  of  ilireet  charging  was  followed. 

In  1889  the  plant  was  entirely  destroyed  by  fire,  and  Portland 
cement  manufacture  in  the  lower  Hudson  valley  ceased  till  1900. 

The  following  notes  from  the  Kondout  records  catablisli  some 
dates. 

25  Oct.  1S88.  Burned  about  100  barrels  today;  oil  fuel. 
Ground  the  limeBtone  and  clay  separately  dry,  and  mixed  before 
feeding  to  kiln.    7"  '       ~"  'b,  limestone  80  lb. 

25  Peb.  1SS9.  i  lay  21  lb,  limestone  100  lb. 


lima 

Silica  .... 

18.53 

Potash 

12 

Soda , 

07 

Magnesia  and  undetermin 

CLE 

7 
10 

STEEB 

days 

PHTSIOAL  TESTS  OF  TEK3] 

7  days  =  253  lb 
14      "    =466    " 

100 

QTK 

=  306  lb 
=  509    " 

Representative  analyses  of  the  limestone  and  clay  used  at  tlie 
Carthage  Landing  and  South  Kondout  plants  are  as  follows: 

Per  CODE  Per  ceat 

Lime 

Magnesia 

Feroxid  iron 

Alumina 

Silica 

Carbonic  acid 

Water  and  alkalis  .... 


52.295 

1.255 

.5 

.     2.37 

.433 

g.l44 

.677 

20.771 

4.405 

64.011 

41.515 

.4 

.17 

12.048 

TOO 


100 
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Uontezmna  cement  co. 

In  the  fall  of  1890  operations  were  commenced  at  Montezuma 
(K  Y.)  The  company  owned  1700  acres  of  land,  underlain  by  a 
deposit  of  marl  and  clay  which  varied  in  thickness  from  4  to  20 
feet.  The  deposit  lay  below  the  level  of  the  Cayuga  river  and 
near  its  shores.  It  was  overlain  by  several  feet  of  muck,  which 
was  first  dredged  off  and  used  for  filling  and  grading  for  a  rail- 
road. The  marl  and  clay  ran  pretty  uniformly  in  composition,  and 
it  was  therefore  found  practicable  to  excavate  both  materials  by 
machinery.  The  bucket  of  the  steam  dredger  employed  brought 
up  a  ton  every  three  minutes.  Cars  were  run  on  the  track  under 
the  bucket  of  the  dredge  to  receive  the  material,  and  the  loaded 
cars  were  then  run  on  platform  scales  and  weighed. 

The  marl  containing  about  50^  water  was  drawn  by  a  steam 
hoist  up  an  incline  into  the  second  story  of  the  works  and  above 
the  upper  end  of  a  mixing  machine,  into  which  the  load  was 
dumped  without  drying  or  any  other  preliminary  treatment.  At 
the  same  time  a  weighed  and  ground  portion  of  clay  was  added 
to  standardize  the  mixture.  The  materials  mixed  as  they  gravi- 
tated toward  the  lower  end  of  the  machine.  The  entire  process 
was  practically  continuous,  a  fresh  charge  being  added  at  the 
upper  end  of  the  mixer  every  10  minutes,  while  an  equal  amount 
was  being  gradually  drawn  off  from  the  lower  end  in  the  same 
space  of  time.  The  mixture  then  passed  to  a  stone  mill  that 
completed  the  mixing  and  ground  any  coarse  materials.  From 
the  mill  the  mixture  was  introduced  directly  by  a  screw  con- 
veyor into  the  rotary  kiln,  using  oil  as  fuel.  This  was  unique 
not  only  in  its  length,  75  feet,  but  in  having  opposite  its  lower 
end  a  gas  retort  or  combustion  chamber.  This  chamber  was 
heated  by  a  coal  fire  and  vaporized  the  oil  as  it  was  sprayed  into 
it.  The  air  blast  also  passed  into  this  chamber,  coming  from  a 
rotary  fan  blower. 
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In  the  first  volume  of  Mineral  industry,  Mr  W.  A.  Smith  gives 
the  following  interesting  contemporary  aceoimt  of  this  kiln. 

Doryee's  revolving  furnace  consbta  of  a  sheet-iron  cylinder, 
75  feet  long,  inclined  toward  the  firing  end  ^  inch  to  1  foot. 
The  lower  hot  end  is  C  feet  in  diameter  for  a  length  of  20  feel, 
and  is  lined  0  inches  thick  with  a  mixture  of  ground  fire  brick  and 
molasses.  The  remainder  of  the  cylinder,  55  feet  lotig,  has  a 
diameter  of  5  feet,  and  is  lined  with  C  inch  fire  brick.  Only  tlie 
lining  at  the  hot  end  requires  renewal,  and  this  can  be  replaced 
in  10  hours,  at  a  coat  of  $S5.  The  cylinder  revolvea  on  cast 
iron  rollers  three  times  a  minute.  'he  power  required  is  five 
horsa-power. 

At  the  loAver  end  a  small  coal  fire  is  kept  up  on  a  grate,  hut 
the  chief  fuel  is  crude  petroleum,  introduced  in  a  jet  which 
meets  the  hot  air  blast.  The  consumption  of  oil  is  8  gallons 
per  barrel  of  cement  clinker  produced.  15  barrels  of  oU  are  re- 
quired to  boat  the  furnace  ready  for  burning  cement. 

The  rfay  and  marl  are  mixed  wet  and  nm  in  as  a  slurry  at 
the  Qpper  end.  The  mixture  in  drying  forms  a  sand,  which 
moves  slowly  downward  with  the  tnming  of  the  cylinder,  and 
18  finally  dificharged  at  the  lower  end  as  cement  clinker  of  the 
size  of  small  gravel.  It  takes  two  hours  to  run  the  particles 
through.  The  operation  is  continuous,  and  the  product  is  250 
barrels  per  day.  It  is  claimed  that  all  the  mixture  is  burned  to 
Portland  clinker. 

From  a  series  of  analyses  and  tests,  for  which  I  am  indebted 
to  Mr  Duryee,  I  have  selected  the  following: 

ANALVSES  OF   UATEBIALB    USED   AND   BEBULTIHO    FSODUCTT   AT 
UONTSZUUA 

lime 47.68 

Silica 6.22 

Alumina 1.7 

Iron  oxid .60 

Magnesia .52 

Carbonic  acid  ....  42.11 
>  Calculated  without  looiHture. 


62.22 

59.22 

22.51 

20.82  j 

9. IT 
2.54 

3.09 

1.08 

l.M 
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A  report  by  Mr  W.  W.  Maclay,  dated  Ap.  28,  1892,  gives  the 
tensile  strength  obtained  as 

ATXRAOa 

Neat,  7  days • G49  lb 

Mortar  (1:2),  7  days 245    " 

Mortar  (1:2),  '^8  days 418    " 

The  works  at  Montezuma  were  entirely  destroyed  by  fire  in 
June  1893,  and  have  never  been  rebuilt.  The  plant  is  of  par- 
ticular interest  because  of  the  advanced  technologic  methods  there 
employed.  It  was  the  first  American  plant  in  which  wet  raw 
materials  were  fed,  without  drying  or  briquetting,  directly  into 
rotary  kilns. 

In  following  out  the  history  of  the  above  plants,  which  bore  a 
certain  relationship  either  in  locality  or  management  to  each 
other,  we  have  overlapped,  in  point  of  date,  the  beginning  of 
the  present  system  of  New  York  cement  plants.  Commencing 
with  dome  kiln  plants  in  the  Hudson  valley,  we  have  traced  the 
development  in  New  York  of  the  rotary  kiln,  and  have  seen  how 
successful  from  a  purely  technologic  point  of  view  these  pio- 
neers in  the  industry  were.  The  destruction  by  fire  of  the  South 
Eondout  and  Montezuma  plants,  however,  terminated  the  con- 
nection of  these  early  experimenters  with  New  York's  cement 
industry,  and  the  early  history  of  that  industry  may  be  said  to 
end  in  1893.  As  early  as  1886,  another  Portland  plant  had  been 
erected,  but  this  plant  was  managed  by  an  Englishman,  and  the 
problem  was  attacked  in  an  entirely  diflFerent  manner.  The 
earlier  plants  had  been  aggressively  original  and  American;  the 
plant  at  Warners,  with  its  dome  kilns  and  wet  mixing,  was  ultra- 
English.  And  till  within  the  past  year,  the  typical  New  York 
plant*  has  been  one  using  marl  and  clay;  mixing  wet,  briquetting 
and  drying;  and  burning  in  dome  kilns.  The  Warners  Portland 
cement  co.  did  indeed  erect  a  rotary  kiln  plant  near  Warners, 

1  There  was,  in  fact,  but  one  exception  to  this  nile.  The  Glens  Falls  Port- 
land cement  co.  at  Glens  Fails,  Warren  co.,  has  operated  Schofcr  kilns  since 
1804  on  limestone  and  clay. 
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Ononcb  !!:a  en.,  Imt  it.  wns  in  pperation  only  a  short  time,  find  has 
been  shut  down  since  IS04. 

In.  moo,  however,  two  companies  comnicnced  the  raaBufactnre 
of  Portland  cement  from  limestone  and  clay,  humed  in  rotary 
kiloB.  Descriptions  of  these  plants,  as  well  as  a  BUminaiy  of  tha 
condition  of  the  Portland  cement  industry  in  New  York  up  to 
Ifiy  IflOl,  will  be  found  in  the  paper  previously  cited,'  One  addi- 
tionil  plant,  and  less  certainly  two  others  of  the  same  type,  will 
commence  operations  during  the  p-^'^nt  year. 

For  B  detailed  description  of  the  present  plants  and  condttiona 
of  the  industry  in  New  York,  I  must  refer  the  reader  to  my 
recent  paper  on  that  subject.  In  the  present  paper  it  is  only 
pMsible  to  give  the  following  summary  of  those  now  operating. 

Plants  in  New  Toik  in  1900 

American  Portland  cement  co.  Jordan,  Onondaga  co,  JJa- 
terials,  marl  and  clay  in  dome  kilns.  Erected  1S92.  Shut  down 
daring  I!>00.     Brand,  "Giant  (Jordan)  ". 

Cattkill  cement  co.  Smiths  Landing,  Greene  co.  Jlnteriala, 
limestone  and  clay  in  rotary  kilns.  Commenced  abipping,  July 
1000,  the  "  Catskill "  brand. 

Empire  Portland  cement  co.  Warners,  Onondaga  co.  Built  in 
18SG.  Materials,  marl  and  clay  in  dome  kilns.  Brands,  "Em- 
pire "  and  "  Flint ". 

Glens  Falls  Portland  cement  co.  Glens  Falls,  Warren  co.  Bnilt 
in  1894.  Burned  in  August  1899.  Recommenced  shipping, 
August  1900.  Materials,  limestone  and  clay  burned  in  Schofcr 
kilns.    Brands,  "  Iron  Clad  "  and  "  Victor  ". 

Helderber^  cement  co.  Howe  Cave,  Schoharie  co.  Began  opera- 
tions in  1898.  Since  1900  the  enlarged  plant  has  been  making 
extensive  shipments.  Materials,  limestone  and  clay  burned  in 
rotary  kilns.     Brand,  "  Helderberg  ". 

1  Eckel,  E.  C.  Portland  cement  industry  in  New  York,  (see  Eng.  netrs. 
May  18,  1901)  This  paper  hag  been  rewritten  and  abbreviated,  and  in  t'.iin 
form  is  now  (Jan.  1902)  prcBented  as  Appendix  B. 
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T.  imicn  &  Co.  Wayland,  Steuben  co.  Built  in  1892.  Ma- 
terials, marl  and  clay  in  dome  kilns.  Brand,  "Millen's  Way- 
land  \ 

Wayland  Portland  cement  co.  Wayland,  Steuben  co.  Built  in 
1896.  Materials,  marl  and  clay  in  dome  kilns.  Brand, 
"  Genesee  ". 

Portland  cement  in  New  York  during  1900-1 

During  the  year  1900  two  new  plants  went  into  operation  in  this 
state:  that  of  the  Catskill  cement  co.  at  Smiths  Landing,  Greene 
CO.,  which  began  shipping  the  Catskill  brand  in  July  1900,  and 
the  new  Portland  plant  of  the  Helderberg  cement  co.  at  Howe 
Cave,  Schoharie  co.,  which  commenced  operations  late  in  the  year. 
This  last  company  had  produced  small  quantities  of  the  Helder- 
berg  brand  since  1898,  but  their  manufacture  of  Portland  on  a 
large  scale  dates  from  the  installation  of  the  new  plant  Both  the 
corporations  named  use  rotary  kilns,  and  the  materials  in  both 
localities  are  limestone  and  clay.  The  rebuilt  works  of  the  Glens 
Falls  Portland  cement  co.  at  Glens  Falls,  Warren  co.,  com- 
menced shipping,  just  about  a  year  having  elapsed  since  their 
former  plant  was  destroyed  by  fire.  The  works  of  the  American 
cement  co.  at  Jordan,  Onondaga  co.,  were  shut  down  throughout 
1900  owing  to  new  construction  at  Egypt  (Pa.) 

In  all,  six  plants  were  producers  in  1900. 

In  the  summer  of  1901  the  Empire  Portland  cement  co.  re- 
modeled its  works  completely,  installing  rotary  kilns. 


KEW    i'OlUi   fiTATJi    MVsEDM 


Appendisc  B 


I 


MANDFACTURE    OF    PORTLAND    CEME^^T    Df    XEW 
YOKK  STATE 

BY  EDWIR   C.   ECKEL  O.E. 

The  following  paper  was  prepared  at  the  request  of  the  di- 
rector in  January  1902,  when  the  remainder  of  the  bulletin  was 
in  page  proof.  Part  of  its  incompleteness  is  due  to  the  necessity 
for  haste  in  its  preparation;  and  part  to  the  fact  that  aobjecta 
which  might  naturally  be  included  here  had  been  discussed  at 
length  by  Dr  Eies. 

The  writer  is  indebted  to  the  editor  of  Engineerivg  news  for 
permiaajon  to  reprint  portions  of  an  article'  written  for  that  joup- 
uaI;  and  to  the  heads  of  the  various  cement  plants  in  the  state, 
who  have  -without  exception  aided  him  in  making  the  descriptiona 
as  complete  as  possible.  The  technology  of  the  industry  is  dis- 
cussed in  somewhat  greater  detail  in  the  paper  above  noted,  to 
which  the  reader  is  referred :  but  advantage  has  been  taken  of  the 
present  publication  to  bring  the  descriptions  up  to  date.  As  it 
now  stands  the  paper  is  therefore  a  summary  of  the  condition  of 
the  New  York  Portland  cement  industry  in  January  1902. 

Descriptions  of  the  plantt 

Alien  American  Portland  cement  co.    The  plant  of  this  company 

ia  located  at  West  Camp,  Ulster  co.,  near  that  of  the  Catskill 

cement  co.    The  materials  used  are  limestone  (from  certain  mem* 

bers  of  the   Lower  Helderberg   series)   and  clay   (Pleistocene) 

burned  in  rotary  kilns.     A  feature  of  much  interest  in  the  early 

stages  of  this  undertaking  was  the  thoroughness  with  which  ex- 

1  Eclcel,  E.  C.  Portland  eement  industry  in  New  York.  (««  Eng.  news. 
May  16,  1001)  The  dpscriptiona  of  the  vurious  plant*  in  the  present  paper  ara 
reprinted,  almost  verbatim,  from  thia  article,  supplemented  in  the  atae  oi  a  few 
plants  by  data  gathered  during  later  visile  to  those  plant*. 
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ploratory  work  was  carried  on  before  the  erection  of  the  plant 
was  finally  decided  on.  Numerous  diamond  drill  borings,  and 
analyses  of  the  resulting  cores,  satisfied  the  company  as  to  the 
thickness  and  purity  of  the  limestone. 

American  cement  co.  The  plant  of  this  company,  located  2 
miles  east  of  Jordan,  Onondaga  co.,  was  erected  in  1892.  The 
works  were  operated  without  any  interruption  till  1900,  during 
which  year  they  were  shut  down,  owing  to  new  construction  by 
the  company  at  Egypt  (Pa.). 

The  materials  used  were  marl  and  clay,  both  obtained  from  a 
marsh  near  the  works,  another  bed  of  marl  being  owned  by  the 
company  nearer  to  Jordan  station.  The  marl  is  white,  and  the 
bed  varies  in  thickness  from  8  to  15  feet.  It  is  overlain  by  a 
thin  bed  of  muck,  and  underlain  by  a  blue  clay.  The  muck  being 
stripped,  the  marl  and  clay  were  dug,  and  transported  to  the 
works  by  a  wire  rope  way.  The  clay  was  dried  and  ground  sepa- 
rately, after  which  it  was  mixed  with  the  marl  in  pug  mills. 
The  resulting  slurry  was  spread  out  on  a  drying  floor,  and  cut 
into  bricks.  These  bricks  were  then  loaded  on  platform  cars, 
dried  in  tunnels  heated  by  coal  fires,  and  fed  to  the  kilns.  12 
kilns,  of  the  dome  type,  were  in  use,  coke  being  used  as  fuel. 

The  clinker  was  reduced,  first  in  Gates  and  Mosser  chushers, 
and  finally  in  Griffin  mills.  The  cement  was  marketed  as  the 
Giant  (Jordan)  brand.  Analyses  of  the  raw  materials  and  fin- 
ished product,  furnished  by  the  company,  follow:* 

Marl  Clay  CemeDt 

Per  cent  Per  cent  Per  cent 

SiOg 14         65.68         21.86 

t''""'    [    .36         24.08      \    ^-17 

Fe^Og '  (    3.73 

CaO 53.16  2.01         61.14 

MgO 1.5  1.75  2.34 

SOj 1.94 

1  Analysis  by  Booth,  Garrett  and  Blair,  1S98. 


OBilUn  cement  co.  The  Tortlaiid  plant  of  the  CatsHll  cement 
CO.,  located  at  Smiths  Landing,  Greene  co.,  waa  erected  during 
1899,.Riui  shipments  were  commenced  in  July  1900.  The  materials 
QBod  we  clay,  from  the  river  terraces,  and  limestone  of  Lower 
Helderberg  age.  A  bucket  cableway  is  used  to  transport  the  raw 
materiilB  from  the  quarry  and  claybank  to  the  works.  Average 
kdmJ^MM  of  these  materials,  furnished  by  the  company,  follow: 

SiCV 1-5*  61.92 

A1,0 39  16. 5S 

Fe,0, 1.04  7.84 

C»0 63.87  2.01 

MgO 53  1.6S 

Attilia 3 .  6i 

SO,..,... tr. 

Tbo  Kmpstone  is  dried  and  then  reduced  in  a  Kmpp  ball  mill. 
The  clayis  passed  through  a  roll  disintegrator  and  is  dried.  The 
materiala  are,  at  this  stage,  mixed  dry;  and  the  mixing  and  re- 
duction completed  in  Krupp  tube  mills.  Two  rotary  kilns  are  in 
operation,  having  a  total  capacity  of  about  300  barrels  a  day. 
The  clinker  is  crushed  in  Krupp  ball  mills,  and  receivea  its  final 
reduction  in  Krupp  tube  mills.  The  cement  is  marketed  as  the 
"  Catskill  "  brand.  Analyses  of  the  finished  product  follow.  All 
were  furnished  by  the  company,  1  and  3  having  been  made  in 
their  laboratory;  while  3  was  made  by  H.  E.  Keifer  PIlD. 


SiO, 22.48 

AlgOg 6.52 

FejO, 4.46 

CaO 62.93 

MgO 1.48 

SO, 1.3 


21.94 

23.44 

6.02 

6.35 

4.33 

3.9» 

64.63 

63.21 

1.25 

1.15 

1.13 

1.22 

k\ 
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Caynga  Portland  cement  co.  Prof.  Newberry  states^  that  this 
company  "is  building  works  near  Ithaca.  The  material  will  be 
obtained  from  an  outcrop  of  the  Tully  limestone  and  underlying 
shales."  These  underlying  shales  are  the  Moscow  shales  of  the 
Hamilton  group.  They  are  rather  highly  calcareous,  as  shown 
by  bulk  analysis;  but  the  calcium  carbonate  which  appears  in 
such  an  analysis  would  seem  to  be  largely  derived  from  the 
contained  fossils.  If  this  be  indeed  the  case,  extremely  fine 
grinding  and  careful  mixing  will  bo  necessary.  The  particular 
combination  of  materials  to  be  employed  at  this  plant  is  new 
to  the  state,  and  the  operations  here  promise  to  be  of  much 
technologic  interest. 

Empire  Portland  cement  co.  In  1886  T.  Millen  &  Sons  com- 
menced the  manufacture  of  Portland  cement  at  Warners-,  Onon- 
daga CO.  In  1890  the  plant  was  purchased  by  the  Empire  Port- 
land cement  co.  and  the  works  were  almost  entirely  rebuilt,  a 
much  larger  output  being  secured  by  the  improvements  then 
introduced.  Since  that  date  the  plant  has  been  in  constant  opera- 
tion, with  the  exception  of  stops  aggregating  only  some  five  or 
six  weeks  in  all,  caused  by  fires. 

The  materials  used  are  marl  and  clay,  obtained  from  a  swamp 
in  the  vicinity  of  Warners,  the  present  workings  being  located 
about  J  of  a  mile  from  the  works. 

The  marl  bed  covers  an  area  of  several  hundred  acres,  of  which 
about  100  acres  have  already  been  excavated. 

A  revolving  derrick  with  clam-shell  bucket  is  employed  for 
excavating  the  marl,  the  clay  being  dug  by  hand. 

The  materials  are  taken  to  the  works  over  a  narrow  gage  rail- 
way owned  by  the  company,  on  cars  carrying  from  three  to  five 
tons  each,  drawn  by  a  small  locomotive. 

At  the  works  the  cars  are  hauled  up  an  inclined  track  by 
means  of  a  cable  and  drum  to  the  mixing  floor. 

J  22d  an.  rep't  director  U.  S.  geol.  sur.  pt  6,  cont'd.  Issued  as  a  separate, 
1901. 
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The  Bwamp  from  which  the  raw  material  are  obtained  shows 

•ectiona,  from  top  to  bottom,  approximately  as  foUowa:  - 

Thleknm* 
MaMrlal  In  feel 

Muck 1         2 

0f^r  bed  white  marl ,. .     4         7 

■  Lower  bed  graj  to  brown  mar! , 4        7 

Sftnd 0         1 

Kuish  clay 2        6 

Ab  might  be  expected  from  the  ~  Ive  color  of  the  marls,  th© 
material  from  the  lower  bed  shows,  on  analysis,  more  organic 
matter  than  that  from  the  upper  bed,  for  which  reason  more  of 
it  must  he  used,  with  Ibo  snnio  amount  of  clay,  than  of  marl 
from  the  upper  bed.  This  distinction  is  accompanied  by  other 
■light  but  ratlier  constant  differences  in  cbemical  composition, 
which  have  also  to  be  taken  into  accotmt  in  the  preparation  of 
the  cement  mixture. 

Analyaes  of  the  raw  materials  follow.  Those  marked  1  and  3 
arc  quoted  by  Cummings,'  while  2  and  4  were  recently  furnished 
me  by  the  company; 


1 

Hmri 

.    "=* 

4 

,26 

.26 

40.48 

42.86 

.1 

.21) 
.Oil 

20.95 

13.61 
4.49 

H.39 

91.03 

26.8 

22.66 

.38 

.4 

.99 

6.92 

8.14 

3.08 
2.85 

1.54 

a.i 

1.681 
6.3    ( 

8.6 

SiO, 

A1.0, 

Fe,0. 

CaCO, 

llgCO, 

K,0 

SO, 

Organic 

Water  +  loss 

It  will  be  noted  that  tbo  clay  nsed  here  raoB  higher  in  lime 
than  does  any  other  nsed  in  the  state,  the  nearest  approach  to 
the  above  analyses  being  shown  by  that  of  the  clay  nsed  at  Wot^ 
land,  wbicb  carries  a  little  less  than  20]f  of  Hmft  carbonate. 

I  American  Mmenta,  p.  2SS. 
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As  noted  below,  rotary  kilns  were  installed  by  tbis  company 
during  1901,  and  in  consequence  changes  have  been  made  in 
the  methods  of  preparation  of  the  materials.  The  processes 
formerly  followed  are  given  here,  as  being  good  examples  of  high- 
grade  practice  at  a  dome  kiln  plant 

The  clay  was  dried  in  Cummer  "  Salamander "  dryers,  three 
being  in  use,  after  which  it  was  carried  by  conveyors  to  the  mills, 
being  cooled  before  grinding.  These  mills  were  of  the  Sturtevant 
"  rock  emery  "  type,  and  reduce  the  clay  to  a  fine  powder,  in 
which  condition  it  is  fed  to  the  mixer  after  weighing.  The  marl 
was  sent  directly  to  the  mixing  machine,  no  preliminary  treat- 
ment being  necessary.  The  marl  and  clay  were  weighed,  to 
secure  proper  proportions.  The  relative  amounts  used  varied, 
of  course  with  changes  in  the  chemical  composition  of  the  mate- 
rials, the  average  charge  being  about  25j<  clay  and  75;<  marl. 

The  mixing  was  carried  on  in  a  mixing  pan  12  feet  in  diameter,. 
in  which  two  large  rolls,  each  about  5  feet  in  diameter,  with 
16  inch  face,  ground  and  mixed  the  materials  thoroughly.  The 
mixture  was  sampled  and  tested,  after  which  it  passed,  on  a  belt 
conveyor,  to  two  pug  mills,  where  the  mixing  was  completed 
and  the  slurry  was  formed  into  bricks  about  3  feet  long  and  5 
inches  diameter.  These  bricks  were  placed  on  slats,  which  were 
loaded  on  to  rack  cars,  and  rim  into  the  drying  tunnels.  These 
tunnels  were  heated  by  waste  gases  from  the  kilns,  and  required 
24  to  36  hours  to  dry  the  bricks. 

After  drying,  the  bricks  were  fed  to  the  kilns,  which  were 
charged  with  alternate  layers  of  coke  and  cement  mixture.  20 
kilns,  all  of  the  dome  type,  were  in  use.  The  coke  charge  for  a 
kiln  was  about  four  to  five  tons,  and  20  to  26  tons  of  clinker 
were  produced  for  each  kiln  at  each  burning.  From  36  to  48 
hours  were  required  for  burning  the  charge.  After  cooling  the 
cement  clinker  was  shovelled  out,  and  sent  to  the  reducing  de- 
partment. It  received  its  first  reduction  in  a  Blake  crusher. 
From  this  it  passed  to  Smidth  ball  mills,  three  of  which  were 
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in  operation.     The  final  grinding  was  accomplisliod  with  Dii>-i^ 
aen  tube  mills,  two  being  in  use. 

The  cement  manufactured  by  this  company  was  marked 
th«  **  Empire  "  and  "  Flint "  brands.  The  siiporinteudent  of  the; 
company  stated  tliat  the  dlfferenee  between  the  two  brands  lies 
in  ihe  fact  that  the  Empire  waa  made  from  spe^ally  selected 
dean  clinker,  while  in  the  case  of  Flint  no  selection  waa  made, 
tiie  whole  product  of  the  kiln  being  allowed  to  go  to  the  grinding 
machinery. 

Analyses  of  the  Empire  brand  bllow;  1  le  quoted  by  Cum.- 
ndngB,'  2  by  Lewis,^  while  3  waa  furnished  directly  by  the  com-' 
pany: 

1  S  8 

SiO, 20.8       23.04     21. 9i 

A1bO» 7.39       6.45        8.S 

FejOg 2.61       3.41       3.7 

CaO C4  GO.  92     61.83 

MgO 3.53        1.43 

Alkalis S4 


I 


During  1901  this  plant  waa  entirely  remodeled,  the  new  ma- 
chinery being  installed  by  the  Bonnot  co-,  of  Canton  (O.).  Five 
6  X  60  foot  rotary  kilns  are  now  in  use,  each  kiln  being  equipped 
with  a  separate  feed  pump.  The  materials  are  prepared  for  burn- 
ing by  passing  through  pug  mills,  emery  mills,  settling  vats,  tube 
mills  and  storage  tanks,  from  which  last  the  slurry  goea  to  the 
rotariea.  The  fuel  used  is  coal,  powdered  in  a  Raymond  pul- 
verizer. A  detailed  description  of  the  new  plant  will  be  given, 
in  the  near  future,  in  a  technical  journal. 

Glens  Falls  Portland  cement  co.  In  1893  this  company  com- 
menced the  erection  of  a  plant  at  Glens  Falls,  Warren  co.,  and 
their  cement  was  put  on  the  market  in  1894,  as  the  Iron  Clad 
brand.     Six  shaft  kilns  of  the  Schiifer  type  were  installed,  the 

1  Amencnn  cements,  p.  3S. 
iUin.  ind.     6:  09. 
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Glens  Falls  plant  being  therefore  the  second  in  this  country  to 
make  nse  of  this  type  of  kiln.  Though  highly  economical  in  fuel, 
the  IhIti  is  rather  expensive  in  both  the  quantity  and  quality  of 
manual  labor  required  to  operate  it  properly.  A  fire  in  August 
1899,  destroyed  the  plant,  which  was  rebuilt  to  give  a  nominal 
capacity  of  500  barrels  a  day,  and  the  manufacture  of  cement 
was  recommenced  in  August  1900. 

The  materials  used  are  limestone  and  clay.  The  former  is  of 
Trenton  age,  and  is  obtained  from  the  Glens  Falls  quarries. 
Considerable  care  is  required  in  the  selection  and  mixing  of  the 
stone  from  the  various  layers,  in  order  to  obtain  a  suitable  and 
uniform  product.  A  very  clean  and  uniform  clay,  found  over- 
lying the  limestone  in  this  area,  is  the  other  ingredient  Analy- 
ses^ of  these  materials  follow: 

Limestone  Clay 

SiOa 3.3  66.27 

A1,0». 
Fe,0, 

CaO 52.16  5.84 

MgO 1.58  2.25 

SO, 3  .12 

C?0 40.98  ..... 

Organic  and  water 8 .  37         

The  limestone  and  clay  are  separately  dried,  and  crushed  in 
Blake  crushers  and  rolls.  After  being  weighed  on  automatic 
scales,  the  materials  are  mixed  dry  and  reduced  to  a  fine  powder 
in  Griffin  mills.  The  powder  is  then  fed  into  wet  mixers,  where 
sufficient  water  is  added  to  allow  its  being  made  up  into  bricks. 
These  are  dried  in  tunnels,  heated  by  waste  heat  (from  the  boiler) 
driven  through  the  tunnel  system  by  blowers. 

After  drying,  the  bricks  are  burned  in  Schofer  kilns,  using 
coal  as  fuel.  The  clinker  is  passed  first  through  Smidth  ball  mills, 
and  finally  reduced  in  Davidson  tube  mills. 

1  Lewis,  P.  H.    Min.  lad.  G:  97. 
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An  average  analysb*  of  the  Iroo  Clad  brand  shows:  I 

SiOf 21.5 

Al.O. [      10.5 

Fe,0, 1 

CaO : 68.5 

MgO 1.8 

K,OaiidNa,0 4 

SO, 1.5 

Sand  cement  is  also  mninifQctured  at  these  worts,  and  is  dis- 
cQssed  briefly  later  in  this  paper. 

Helderbeig  oement  oo.  The  plant  of  this  oompai^  fa  looated  at 
Howe  Cave,  Schoharie  co,  Qoerriee  in  the  Wateriime  group  at 
this  point  have  been  long  used  £tx  the  mannfaoture  of  natural 
cement,  while  quarries  higher  np,  both  geologically  and  iapth 
graphically,  famished  a  very  pore  limestone  whiolt  wu  burned 
into  lime. 

In  1898,  the  Helderbei^  cement  co.  bi^;an  to  ntilizB  the  stonft 
from  these  latter  quarries  in  the  mannf actnre  oi  Portland  eemeut. 
Commenced  on  a  small  scale,  the  industry  would  seem  to  have 
promised  favorable  results,  as  a  much  larger  plant,  belonging  to 
the  same  company,  was  erected  during  1900.  The  new  plant  has 
a  nominal  capacity  of  1500  barrels  a  day.  The  mateiiale  used 
are  limestone  and  clay. 

As  noted  above,  the  limestone  used  for  Portland  cement  is  ol^ 
tained  from  the  old  lime  quarries,  and  the  clay  from  a  deposit 
in  the  vicinity.  Smidth  ball  mills  and  Davidsen  tube  mills  are 
used  for  crushing,  reducing  and  mixing  the  materials.  The  wet 
process  is  employed  and  12  rotary  kilns  are  in  use.  The  result- 
ing clinker  is  ground  in  ball  mills  and  tube  mills,  and  the  product 
is  marketed  as  the  "  Helderberg  "  brand. 

The  various  quarries  at  Howe  Cave  show  exposures  of  the  dif- 
ferent formations  from  the  Clinton  up  to  the  Pentamerua.     Dr 

iLewU,  F.  H.    MiD.  ind.  0:  BT. 
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Charles  S.  Proseer^  has  determined  that  tlie  entire  section  shown 
consists  of  the  following  rocks,  the  datum  being  taken  as  the 
level  of  the  Cobleskill  at  the  suspension  footbridge. 

0-32  feet  covered  with  soil. 

32-56  feet  green,  argillaceous  shales  (Clinton  group). 

56-63  feet  dark  gray,  massive  limestones  (Niagara  group). 

63-102  feet  gray  argillaceous  and  magnesian  limestones  (Water- 
lime  group). 

102-33i  feet  dark  blue  limestone  (Tentaculite  group). 

133^-44^  feet  limestones  (transitional  Tentaculite  Penta- 
merus). 

144^-68  feet  very  massive  gray  limestone  (Pentamerus  group). 

The  limestone  used  in  Portland  cement  manufacture  is  obtained 
from  the  Pentamerus  and  Tentaculite  beds,  exposed  in  quarries 
just  west  of  the  station,  on  the  northern  side  of  the  railroad  track, 
while  the  Clinton  and  Waterlime  beds  above  noted  are  shown 
only  in  the  lower  quarries.  Partial  analyses  of  these  upper  lime- 
stones, quoted  by  Prosser  as  having  been  made  by  C.  A.  SchaefiEer 
follow: 

81  Og  Ca  CO3 

Tentaculite  limestone 1 .48         95 .  75 

Pentamerus  limestone 4. 12         93 .  68 

Another  sample  analyzed  by  Schaeffer  gave: 
SiOg 1.27 

^1^«3 [  .73 

Fe^Oa    ) 

CaCOg 97.24 

MgCOg 1.39 

SOg tr. 

As  no  complete  analyses  of  the  materials  actually  used  for 
Portland  were  obtainable,  I  have  included  this  analysis,  as  the 

1  ISth  an.  rep't  N.  Y.  state  geol.  p.  67. 
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sample,  whiJe  roming  from  n  quarry  not  used  for  Portland  cement, 
is  evidently  from  similar  Lcds,  and  gives  a  very  good  idea  of  the 
iron,  ainmina  and  msgnesia  contents  of  these  cement  rocks. 

Iroqnoii  Portland  cement  co.  This  company  is  erecting  a  plant 
near  Cidodonia,  Livingston  eo.  llarl  and  clay  wiil  be  used,  in 
rotary  kilns.  Several  oompaniea  have  been  formed  to  work  de- 
posits in  this  vicinity,  but  data  concerning  their  plans  are  not 
obtainable. 

Uillen'B  Portland  cement  works.  After  having  disposed  of  their 
plant  at  Warners,  Onondaga  co.,  to  the  Empire  Portland  cement 
CO.,  T.  Milien  &  Co.  erected  their  present  plant  at  Wayland,  Steu- 
ben CO.,  which  commenced  producing  in  October  1892.  The 
works  were  destroyed  by  tire  in  July  1893,  but  were  rebuilt  and 
began  shipping  again  in  October  1893. 

The  matoriala  used  are  marl  and  clay.  The  marl  is  obtained 
from  a  swamp  near  the  mill,  about  185  acres  of  marsh  land  being 
owned  by  the  company.  The  marl  deposit  is  about  C  feet  thick. 
Unlike  the  Onondaga  county  deposits,  however,  the  marl  bed  ia 
not  underlain  by  clay,  and  the  latter  material  has  to  be  brought 
from  a  bank  near  Mt  Morris,  in  Li\Tngston  county.  The  clay 
deposit  there  worked  is  one  of  a  series  which  occur  in  the  terraces 
bordering  Canaseraga  creek  and  the  Genesee  river,  extending 
more  or  less  continuously  from  Dansville  nearly  to  Kochester. 
The  clay  for  cement  is  worked  at  a  point  about  4  miles  south  of  Mt 
ilorris,  and  is  sliipped  over  the  Delaware,  Lackawanna  and  West- 
ern railroad  to  the  works,  a  distance  of  about  20  miles. 

The  clay  13  dried  over  steam  coils,  ground  in  a  Potts  disinte- 
grator and  mixed  with  the  marl  in  a  revolving  mixer.  The  slurry 
la  then  passed  through  pug  mills  and  made  into  bricks.  These 
jricks  are  dried  in  tunnels,  and  burned  in  dome  kilns,  16  of  which 
ire  in  operation.  Blake  crushers,  Milien  crackers,  and  Sturte- 
cant  rock  emery  mills  are  used  in  the  rcdnction  of  the  clinker. 
The  cement  is  marketed  as  Millen's  Wayland, 
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Analyses  of  the  raw  materials  and  of  the  finished  product,  fur- 
nished by  the  company,  follow: 

Clay  Marl  Cement 

SiCj 45.21  .42        21.08        22.19 

^A 19.08)       jQg  ggg          gY2 

FcgOj 6.74  ) 

CaCOg 19.94        93.5 

CaO 64.68        63.08 

MgCOa 3.27  2.13         

MgO 1.85          2.04 

Oa  SO4 1.55  2.01         

SO,,)  ..••.••. ••••          ••••  1.93          1.75 

Moisture       and       organic 

matter •  •          4.17            .86  •  • .  •          .... 

Alkalis  and  loss • .  •  •          •  •  •  •  .9            1.22 

The  analyses  of  the  clinker  were  made  for  the  company  by 
Dr  F.E.  Engelhardt,  of  Syracuse  (N.  Y.) 

Wayland  Portland  cement  co.  The  plant  of  this  company  is 
located  at  Perkinsville,  in  the  town  of  Wayland,  Steuben  co.  It 
was  erected  in  1896  and  has  operated  continuously  to  date. 

The  materials  used  are  a  light  colored  marl  which  occurs  in  a 
deposit  2-14  feet  thick,  overlain  by  6  inches  to  3  feet  of  muck,  in 
a  marsh  near  the  works,  and  light  gray  (Pleistocene)  clay  from 
Mt  Morris,  Livingston  co.,  for  their  marl  deposit,  like  that  of  Mil- 
ieu's, is  not  underlain  by  clay.  Analyses  of  the  raw  materials, 
furnished  by  the  company,  follow: 

Varl 

Lime 64.4 

Silica .54 

Fe  and  Al  oxids .56 

MgO 2.34 

Loss  on  ignition 42.2 
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Silica  . 63.5 

Lime 5.15 

Fe  and  Al  oxids 24.3 

KgO 2.15 

Loss  on  ignition 14.1 

The  clay  is  dried  over  steam  pipes,  broken  to  about  J— J  inches 
size  in  a  Potta  disintegrator;  and  sent  through  a  Bullock  burstooe 
mill,  which  grinds  to  ni.iout  16  mesh.  It  is  then  weighed,  and 
mised  with  the  wet  marl  as  both  are  shoveled  into  the  chutes  lead- 
ing to  the  revolving  mixer.  The  mixture  then  goes  to  the  pug 
mills,  and  ia  made  into  bricks,  which  are  sent  to  the  drying  tunnels. 
The  lower  tier  of  these  tunnels  ia  heated  by  direct  beat,  on  the 
Cummer  system;  the  upper  tier  by  e.xbaust  steam.  16  dome  kilns 
are  in  use.  From  the  kilns  the  clinker  goes  to  an  18  x  30  inch 
Blake  crusher;  then  to  dry  pans,  receiving  its  final  reduction  in 
Sturtevant  rock  emery  mills.  The  product  is  marketed  as  the 
Genesee  (Wayland)  brand. 

Allied  products 

Sand  cements.  Two  companies,  under  practically  the  same 
management,  are  at  present  engaged  in  the  manufacture  of  sand 
cement.  These  are  the  Standard  silica  cement  co.,  whose  works 
at  Long  Island  City  were  described  in  detail  in  Engineering  news 
of  April  10, 1896,  and  the  Glens  Falls  Portland  cement  co.  At  the 
plant  of  this  latter  company,  their  Iron  Clad  cement  is  uaed,  the 
resulting  sand  cement  being  marketed  as  the  Victor  and  Adiron- 
dack brands,  the  latter  carrying  a  larger  proportion  of  sand.  At 
the  Ixmg  Island  City  plant  the  sand  was  first  dried  in  Cummer 
dryers;  then  screened,  mixed  with  the  cement  in  the  proper  pro- 
portions, and  ground  in  Davidsen  tube  mills. 

"  Natural  Portlands."  Two  firms  in  New  York  state  manufac- 
ture, in  addition  to  their  natural  cements,  brands  which  are  mar- 
keted as  "natural  Portlands."      The  limestone  is  fed,  vithont 
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previous  grinding  or  admixture,  direct  to  the  kilns.  The  resulting 
cement  differs  from  a  true  Portland  in  carrying  a  lower  pro- 
portion of  lime  (4:5j^50;<)  and  higher  magnesia  (5j^lO;<).  The 
cements  will  usually  pass  all  Portland  requirements,  though  not 
so  finely  ground  as  the  normal  Portlands. 

Slag  cements.  Some  time  ago  the  Knickerbocker  cement  co.  wa« 
organized  for  the  purpose  of  making  slag  cement,  the  intention 
being  to  use  the  slag  from  the  furnaces  of  the  Poughkeepsie  iron 
CO.  Operations  were  suspended,  owing  to  financial  difficulties  not 
in  any  way  connected  with  the  cement  manufacture  itself;  and  at 
present  no  slag  cement  is  made  in  this  state.  A  brief  discussion* 
of  the  technology  of  this  type  of  cement  will  be  found  in  a  recent 
issue  of  Engineering  news. 

Notes  on  Portland  cement  materials 
Three  different  combinations  of  materials  are  at  present  in  use 
in  New  York  state;  while  another  may  be  utilized  in  the  near 
future.    Those  now  in  use  are: 

1  Marl  and  clay 

2  Limestone  and  clay 

3  Limestone  and  shale 

To  these  may  be  added,  as  of  probable  future  use 

4  Argillaceous  limestone  and  pure  limestone. 

The  technology  of  the  industry  has  been  discussed  at  length  by 
Dr  Hies,  in  the  earlier  portion  of  this  bulletin;  but  a  brief  state- 
ment of  the  leading  methods  and  features  of  the  industry,  as  con- 
ditioned by  the  materials  used,  may  be  of  interest. 

1  Harl  and  clay.  Compared  with  limestones,  the  marls  are 
easier  to  excavate  and  easier  to  reduce.  They  contain,  on  the  other 
hand,  a  greater  proportion  of  organic  matter  and  water,  per  ton  oi 
excavated  material,  than  do  the  limestones.  For  this  reason  their 
transportation  and  handling,  both  between  bed  and  mill,  and  in 
the  mill  itself,  entail  a  greater  expense  for  each  barrel  of  finished 

1  Eckel,  E.  C.  Slag  cement  manufacture  in  Alabama,  {see  Eng.  newa 
Jan.  23,  1902) 
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product.  A  marl  deposit  is  a  Hniifcd  affair,  though  in  tho  ease  of 
>  large  marsh  or  old  lake  Led  the  iimits  may  be  so  large  as  to  be 
■afely  disregarded.  Limestone  beds,  on  the  other  hand,  are  prac- 
tically limitless,  the  extent  to  which  the  bed  can  be  followed  being 
limited  only  by  questions  of  economical  extraction. 

Marl  deposits  of  workable  size  are  rare  in  New  York  state,  and 
BOt  all  of  those  large  enough  for  use  are  located  well  with  regard 
to  transportation  routes,  Tliree  active  plants  in  this  state  use 
marl  and  clay:  two  in  Steuben  county  and  one  in  Onondaga 
oomity.  The  former  are  at  a  disadvantage  in  respect  to  location, 
vUch  is  slightly  increased  by  the  fact  that  their  marl  beds  are  not 
underlnin  by  clay,  necessitating  bringing  the  latter  material,  from 
Bome  distance,  by  rail. 

S  Limntone  and  day.  At  present  four  New  York  plants  are 
engaged  in  the  manufacture  of  Portland'  cement  from  a  mixture 
of  limestone  and  clay.  Of  these,  the  earliest  established  was  that 
of  the  Glens  Falls  Portland  cement  oo.  At  this  plant  limeetone 
of  Trenton  age  is  used,  with  a  (Pleistocene)  clay,  humed  ia 
Schofer  kilns. 

The  Glens  Falls  plant  is  unique,  in  this  state,  so  far  as  type  of 
kiln  used  is  concerned.  The  merits  and  defects  of  the  Dietzsch, 
Schofer  and  other  types  of  improved  nonrotary  kilns,  have  been 
discussed  in  considerable  detail  by  various  authors.  The  fact  that 
the  Glens  Falls  product  is  of  such  high  grade  should  not,  of  itself, 
be  considered  as  an  argument  in  favor  of  the  Schofer  kiln,  as  this 
particular  plant  has  always  been  favored  as  regards  management. 
The  other  three  plants  are  located  at  various  points  along  the  Hel- 
derberg  escarpment,  and  use  limestones  derived  from  several  dif- 
ferent formations  of  the  Lower  Helderberg  series.  For  purity, 
thickness  and  location  (both  with  respect  to  clay  banks  and  to 
great  transportation  routes)  these  limestones  can  hardly  be 
equaled,  and  it  seems  certain  that  the  center  of  the  New  York 
Portland  cement  industry  will  eventually  be  in  the  Hudson  river 
valley. 
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3  limestone  and  shale.  The  use  of  this  combination  of  materials 
is  confined,  at  present,  to  a  single  plant.  If  this  plant  be  success- 
ful, it  is  probable  that  its  example  will  be  extensively  followed, 
for  exactly  similar  materials  outcrop  on  the  shores  of  Canan- 
daigua,  Seneca,  Cayuga  and  other  lakes  of  central  New  York. 
Certain  technologic  difficulties  in  the  use  of  these  materials  are 
noted  in  an  earlier  part  of  this  paper,  and  the  progress  of  the 
enterprise  will  be  followed  with  much  interest. 

4  Argillaceous  limestone  and  pure  limestone.  This  type  of  mix- 
ture, used  so  extensively  in  Pennsylvania  and  New  Jersey,  has  not 
been  utilized,  as  yet,  in  this  state.  It  is  practically  certain  that 
deposits  of  this  type  of  material  exist  in  at  least  one  county  of  the 
state,  but  no  attempt  has  been  made  to  map  or  develop  them. 
Prof.  Spencer  B.  Newberry  has  pointed  out  that^  an  argillaceoua 
limestone  used  with  a  comparatively  small  quantity  of  a  purer 
limestone,  as  in  the  Pennsylvania  and  New  Jersey  plants,  possesses 
one  decided  advantage  over  a  limestone  and  clay  mixture,  inas- 
much as  less  thorough  mixing  and  fine  grinding  is  required,  for 
even  the  coarser  particles  of  the  argillaceous  limestone  will  vary 
so  little,  in  chemical  composition,  from  the  proper  mixture,  as  to 
affect  the  result  but  little,  should  either  mixing  or  grinding  be 
incompletely  accomplished.  This  argument  bears  against  a  marl 
and  clay  mixture  as  well  as  against  a  limestone  and  clay  mixture, 
though  to  a  less  extent. 

Mr  F.  H.  Lewis  has  also  discussed  the  advantages  possessed  by 
this  type  of  material,  and  comes  to  the  same  decision  regarding  its 
superiority  over  the  limestone  and  clay  mixtures.  The  New  York 
plants,  however,  show  that  it  is  possible  to  produce  good  Portland 
cement  from  limestone  and  clay;  and  the  fact  that  several  Penn- 
sylvania companies  are  contemplating  the  establishment  of  plants 
in  the  Hudson  river  valley  would  seem  to  be  proof  that  cheap 
cement  can  be  made  there. 

1  Mineral  resources  of  United  States,     {see  20th  an.  rep't  U.  S.  geol.  sur. 
1898.  pt  2,  p.  646;  22d  an.  rep't  U.  S.  geol.  sur.  1000,  pt  2.  ) 
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One  of  the  prominent  changes  that  has  taken  place  recently  is 
that  io  the  relative  number  of  plants  using  marl  and  using  lime- 
stone.   This  change  is  shown  in  the  following  table. 

1BD9         iwn  iwii 

f  marl  and  clay 4  3  3 

Active  plsDts  using  ^   limestone  and  day. .  13  4 

I  Umeslime  ami  shale.  0  0  1 

Another  very  significant  fen  In  ve  is  shuwn  by  tbc  fallowing  tabic, 
giving  th©  types  of  kiln  used: 

f  dome  kilns.  .  4  :5  2 

Active  plants  equipped  with  ■{  Schofer  ....  1  1  1 

L  lotury 0  2  5 
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Appendix:  C^ 

TESTS  OF  CEMENT  MADE  BY  THE  STATE  ENGINEER 

DURING  1897-1900 

BY  EDWIN  C.  ECKEL   aB. 

I  am  indebted  to  Mr  Edward  A.  Bond,  state  en^neer,  and 
Mr  William  Pierson  Judson,  deputy  state  engineer,  for  permis- 
sion to  use  the  data  on  cement  tests,  here  briefly  discussed.  Mr 
Russell  S.  Greenman  has  kindly  aided  me  in  many  ways.  My 
thanks  are  also  due  to  Mr  Joseph  Morje,  of  the  New  York  state 
museum,  for  aid  in  the  preparation  of  both  manuscript  and  proof. 

The  series  of  cement  tests  tabulated  and  discussed  were  made 
during  1897,  1898,  1899  and  1900,  in  the  cement  testing  labora- 
tory of  the  state  engineer's  office,  Albany  N.  Y.  They  are  of 
value  as  they  represent  tests  on  various  brands  made  during  a 
comparatively  long  period  in  one  laboratory.  The  sequence  of 
the  tests  was  interrupted  only  by  one  change  of  operators,  and 
by  one  change  of  testing  machine,  both  of  which  occurred  during 
1900.  Mr  Charles  M.  Pepson  was  in  charge  of  the  cement  test- 
ing work  from  1897  to  July  1,  1900,  when  he  was  succeeded  by 
Mr  Russell  S.  Greenman,  who  is  in  charge  at  the  present  date. 

As  the  cement  samples  were  taken  from  barrels  submitted  for 
use,  the  results  are  of  interest  as  showing  the  average  quality 
of  the  various  brands  as  shipped  for  use  on  actual  work.  The 
cements  tested  were,  in  general,  those  submitted  for  use  on  the 
canal  improvements.  A  circular  issued  in  1899  by  Mr  Edward  A. 
Bond,  state  engineer,  offered  the  use  of  this  laboratory  for  the 
testing  of  cements  sent  in  by  town  and  county  officials,  and  some 
of  the  cement  tested  during  1900  came  in  under  this  offer.  A 
number  of  samples  have  also  been  tested  in  this  laboratory  for 
Mr  George  L.  Hcins,  state  architect. 

1  Written  in  April    1901. 
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Specifioations 

The  specifiofltions  um^er  which  the  cements  intrn'led  for  use  on 
the  canal  improvements  were  submitted,  were,  from  1806  to  1S9'J, 

MB  follows. 

Portland  eeneiit  miist  be  of  the  test  quality  :ind  of  such  fine- 
ness that  95^1  of  the  cement  will  pass  through  a  sieve  of  2500 
meshes  to  the  square  inch,  and  90^  through  a  sieve  of  10,OUO 
meshes  to  the  square  inch.  Portland  cement  when  mweJ  neat 
and  exposed  one  day  in  air  and  six  days  in  water,  shall  with- 
stand a  tensile  strain  of  not  less  than  400  lb  to  the  square  inch; 
and  when  mixed  in  the  ratio  of  3  lb  clean,  sharp  sand  to  1  lb 
of  cement,  and  exposed  one  day  in  air  and  sis  days  in  water,  it 
shall  withstand  a  tensile  strain  of  not  leas  than  125  lb  per  square 
inch. 

Hataral  hydraulic  cement  must  be  of  the  best  quality,  and  of 
■uch  fineness  tliat  OO**  will  pass  through  a  sieve  of  2500  meshes 
to  the  square  inph,  and  80^  through  a  sieve  of  lO.fOO  me.'hes  to  the 
square  inch.  Briquets,  made  of  equal  parts  of  natural  hydraulic 
cement  and  crushed  quartz,  inmieraed  in  water  as  soon  as  they 
are  sufficiently  hard  to  sustain  a  sV  inch  wire  weighted  with 
1  lb,  must  show  a  tensile  strength  of  65  lb  to  the  square  inch  at 
the  expiration  of  seven  days;  but  briqneta  showint;  less  than  such 
strength  will  be  held  until  28  days  have  elapsed,  when,  if  they 
then  show  such  strength  as  to  sustain  as  many  pounds  to  the  square 
inch  above  125  as  the  seven  day  test  shows  them  to  have  fallen 
below  65,  they  will  be  deemed  to  have  passed  this  test. 

Briquets  made  of  neat  cement  must  not  set  so  as  to  support  a 
iV  inch  wire  with  a  load  of  i  lb  in  less  than  15  minutes.  Briquets 
of  neat  cement  must  not  show  checks  or  cracks  when  immersed 
in  water  for  seven  days  after  mixing. 

Portland  and  natural  cements  manufactured  in  this  state  will 
be  given  the  preference  for  this  work,  provided  they  satisfactorily 
pass  the  tests  called  for  by  these  specifications. 

Tho  specifications  at  present  in  use  are  the  following. 

28  Kequirements  hydraulic  cement.  American  Portland  cement 
or  American  natural  cement,  as  may  be  specified,  shall  be  used 
and  shall  be  of  a  brand  known  by  prior  use  on  extensiv'\  works 
to  be  of  the  best  quality.  Any  cement  not  so  known  may  be 
declined  without  testing. 


CHAPTERS   ON   THE   CEMENT   INDUSTRY  879 

29  Storing.  Provision  shall  be  made  by  the  contractor  for 
storing  cement  in  a  dry  place  and  delivery  shall  not  be  made 
until  the  state  engineer  has  been  notified  to  inspect  the  cement 
and  to  take  samples  for  which  all  facilities  shall  be  offered  by 
the  contractor.  The  contractor  shall  replace  at  his  own  cost  any 
cement  which  may  be  damaged  while  stored. 

30  Samples.  Samples  will  be  taken  by  the  engineer,  at  onco 
on  delivery,  from  every  10th  barrel  or  from  the  equivalent  of  the 
10th  barrel,  when  packed  in  sacks,  and  will  be  numbered  con- 
secutively throughout  the  progress  of  the  work;  each  sample  shall 
fill  a  4  inch  cubical  box,  and  each  lot  of  samples  shall  be  forwarded 
by  express  to  Albany  for  separate  tests,  the  results  of  which  may 
be  expected  in  10  days. 

31  Tests.  These  tests  will  follow  the  practice  recommended 
by  the  American  society  of  civil  engineers  and  will  be:  1st,  for 
fineness;  2d,  for  soundness;  3d,  for  time  of  initial  set;  4th,  for 
tensile  strength;  5th,  for  composition  by  chemical  tests. 

32  Required  fineness.  Cement  shall  be  ground  to  such  fine- 
ness that  05^  by  weight  will  pass  through  a  standard  sieve  of 
2500  meshes  per  square  inch  and  90^  by  weight  will  pass  through 
a  standard  sieve  of  10,000  meshes  per  square  inch. 

33  Soundness.  The  cement  shall  endure  the  hot  water  test  at 
125°  F  for  24  hours  without  cracking  or  blowing.  Chemical 
tests.  The  state  engineer  may  cause  chemical  tests  of  cement  to  be 
made  and  may  reject  any  cement  which,  in  his  judgment,  is  not 
suited  to  the  purpose. 

34  Initial  set.  Neat  cement  shall  not  set  to  support  ^  lb 
weight  on  ^  inch  wire  in  less  than  15  minutes  for  natural  cement 
and  25  minutes  for  Portland  cement. 

35  Required  strength  —  American  Portland  cement.  Briquets 
of  neat  cement  mixed  three  minutes,  put  in  the  molds  with  thumbs 
and  trowel,  and  kept  at  a  temperature  of  65°  to  70°  for  one  day 
in  moist  air  and  six  days  in  water  shall  show  a  least  average  tensile 
strength  of  400  lb  per  square  inch. 

Briquets  of  three  parts  by  weight  of  standard  crushed  quartz 
and  one  part  by  weight  of  Portland  cement,  mixed  in  the  same 
manner  and  kept  seven  days  under  the  same  conditions,  shall  show 
a  least  average  tensile  strength  of  125  lb  per  square  inch. 

Briquets  of  three  parts  by  weight  of  standard  crushed  quartz 
and  one  part  by  weight  of  Portland  cement,  mixed  in  the  same 
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r  and  kept  28  days  under  the  same  conditionB,  shall  show 
a  least  average  tensile  strength  of  220  lb  per  square  inch. 

86  Seqnired  strength  —  American  natural  cement.  Briquets  of 
neat  natural  cement  mixed  three  iiiimites,  put  in  the  molds  with 
thumbs  and  trnwel  and  kept  at  a  temperature  of  65°  to  70°  for 
two  hours  in  moist  air  and  22  hours  in  water  shall  show  a  least 
average  tensile  strength  of  60  lb  per  square  inch. 

Briquets  of  natural  cement  and  standard  crushed  quartz  in 
equal  parts,  by  weight,  roi.xed  and  handled  in  the  same  manner 
and  kept  at  the  same  temperature  for  one  day  in  moist  air  and 
six  days  in  water,  shall  show  a  least  average  tensile  strength  of 
65  lb  per  square  inch. 

Briquets  similar  to  those  last  described  and  kept  28  days  under 
the  eame  conditions,  shall  show  a  least  average  tensile  strength  of 
150  lb  per  square  inch. 

37  Standard  crashed  quartz.  The  standard  crushed  quarts  used 
in  the  tests  shall  pass  a  sieve  of  400  meshes  per  square  inch  and 
shall  stop  on  a  sieve  of  800  meshes  per  square  inch. 


Hethods  of  testing 

In  all  the  natural  cements  tested  prior  to  July  1,  190O,  the 
briquets  were  placed  for  two  hours  in  air,  in  place  of  the  usual 
24  hours,  while  the  neat  Portlands  were  given  a  two  day  teat  for 
tensile  strength.  Since  that  date  practice  has  been  changed,  in 
regard  to  the  natural  cements,  to  conform  to  the  standard,  while 
the  Portlands,  when  tested  neat,  are  usually  given  a  one  day  test. 

Crushed  quartz  was  used  in  all  the  mortar  tests  on  both  natural 
and  Portland  cements,  that  have  been  tabulated  in  this  paper, 
though  in  1897  a  few  additional  tests  were  made  with  natural 
sand.  These  have  been  omitted,  however,  as  being  too  few  in 
number  to  be  of  much  value  for  comparison. 

The  boiling  test  is  used  on  every  new  brand  of  cement  sub- 
mitted; and  at  frequent  intervals  on  all  brands. 

The  machine  used  is  the  Fairbanks  1000  lb  automatic,  with 
hand  molded  briquets.  It  will  be  noted  that  though  a  neat  test 
is  required  by  the  specifications  for  Portlands,  it  has  been  made 
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in  comparatiyely  few  cases.  This  is  in  accord  with  the  present 
trend  of  engineering  practice.  It  would  seem  desirable,  however, 
that  tests  should  be  made  with  mortar  briquets  at  longer  time 
periods  than  those  given.  Tests  at  three  months  and  a  year  on  a 
few  briquets  from  each  lot  would  seem  to  be  of  sufficient  value  to 
pay  for  the  extra  trouble  incurred  in  carrying  them  out.  They 
would  not,  it  is  true,  be  of  any  service  in  deciding  whether  any 
particular  lot  should  be  accepted  or  not,  but  they  would  certainly 
give  information  regarding  the  staying  qualities  of  each  brand, 
which  would  be  of  use  in  decisions  regarding  future  shipments  of 
that  brand. 

Another  test  which  it  would  seem  might  be  profitably  intro- 
duced, is  the  determination  of  the  specific  gravity  of  the  cements. 
While  there  are  undoubtedly  good  Portlands  which  at  times  fail 
to  attain  a  specific  gravity  of  3.10,  and  while  natural  cements 
and  slag  cements  may  occasionally  reach  that  figure,  the  test  is 
still  a  good  rough  means  of  discriminating  the  two  classes.  That 
such  a  method  of  discrimination  is  not  absolutely  unnecessary,  is 
shown  by  the  fact  that  several  brands,  submitted  as  Portlands, 
behaved  in  a  manner  which  made  it  probable  that  they  were  really 
natural  cements,  more  or  less  carefully  treated.  The  physical 
properties  and  methods  of  manufacture  of  such  doubtful  mixtures 
seem  to  be  of  some  interest,  and  I  hope  soon  to  discuss  them 
more  fully  in  another  place.  I  am  not  alluding  here  to  the  "  im- 
proved "  cements,  made  by  some  manufacturers  of  natural  cements, 
and  sold  entirely  on  their  merits,  but  to  so  called  Portlands  man- 
ufactured in  much  the  same  manner  as  the  grappier  class  described 
by  Le  Chatelier. 

Certain  brands  occasionally  (and  others  habitually)  attain  in 
seven  days  a  strength  which  enables  them  to  pass  both  the  seven 
day  and  28  day  requirements,  even  though  the  actual  increase  in 
strength  during  the  additional  three  weeks  may  be  slight.  In 
some  extreme  cases,  indeed,  cements  have  actually  shown  less 
strength  at  28  days  than  at  seven  days.    Whether  this  condition 
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The  tests  of  the  natural  cements  are  of  considerably  less  value, 
as  they  are  based  on  a  much  smaller  number  of  samples.  The 
diagrams  show  very  well  the  fine  grinding  practised  in  the  Rosen- 
dale  region.  PI.  94  shows  the  abnormally  high  tensile  strength  for 
cements  of  that  class  obtained  during  1900  from  the  natural 

cements  manufactured  in  Erie  co.,  N.  Y. 
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Appendix    D 

KEY  TO  THE  TABLES  OF  LIILESTONE  ANALYSES" 

BT  EDWIN  C-  ECKEL  C.  E- 

Tlie  limestone  analyses  which  follow  this  section  were  collected 
by  Dr  ^inrieb  Bieo.  They  have  been  carefully  rearranged  and 
revised  in  this  office.  Each  analysis  has  been  compared  with  its 
original  pnblisbed  record,  and  the  tables  are,  it  is  believed,  en- 
tirely reliable. 

At  the  snggestioiL  of  Dr  F.  J.  H.  UerriU  the  present  vriter  has 
prepared  a  key  to  tbe  tablea  of  analyaea  to  facilitate  xeferenee. 
This  "key  is  based  on  oompoaiticai,  and  will  be  of  use  in  determining 
the  areas  from  wlueh  limestcoiee  of  any  given  composition  may 
be  obtained.  A  table  has  been  prepared  in  which  its  resolts  are 
aninmed  up,  classified  both  by  compontion  and  by  states. 

For  most  commarcial  naes  the  components  <^  greatest  intarest 
in  a  limestone  are  its  lime  carbonate,  magnesium  carbonate,  and 
silica  plus  alumina.  The  limestones  whose  analyses  are  given  in 
the  following  tables  have,  therefore,  been  first  divided  into  four 
primary  groups,  the  grouping  being  based  on  the  percentages  of 
lime  carbonate  in  the  rock.  Each  of  these  primary  groups  is  then 
subdivided,  according  to  the  percentages  of  magnesium  carbonate 
present.  Finally,  the  secondary  groups  thus  obtained  are  again 
divided  according  to  the  percentages  of  silica  and  alimiina  con- 
tained in  (he  rocks.  As  shown  in  the  summary  below,  20  groups 
are  thus  formed. 

KEY  TO  UROVPINa 

Calcium  carbonate  95^  or  over Group  1 

Calcium  carbonate  85;^  to  95;i 

Magnesium  carbonate  less  than  5;i Group  2 

Magnesium  carbonate  over  5^ Group  3 
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Calcium  carbonate  60^  to  85j< 

Magnesium  carbonate  less  than  5^ 

Silica  and  alumina  less  than  lOj^ Group     4 

lOj^  to  20;^ Group     5 

more  than  20!i Group     6 

Magnesiiun  carbonate  5j^  to  20}^ 

Silica  and  alumina  less  than  lOj^ Group     7 

10^  to  20;< Group     8 

more  than  20;< Group     9 

Magnesiimi  carbonate  more  than  20j^ 

Silica  and  alumina  less  than  10}^ Group  10 

lOj^  to  20;^ Group  11 

Calciimi  carbonate  less  than  60^ 

Magnesium  carbonate  less  than  5^ 

Silica  and  alumina  less  than  lOj^ Group  12 

10;^  to  20;^ Group  13 

more  than  20}^  .......   Group  14 

Magnesium  carbonate  10}^  to  20^ 

Silica  and  alumina  less  than  10;^ Group  15 

10;^  to  20^ Group  16 

more  than  20^ Group  17 

Magnesium  carbonate  more  than  20}^ 

Silica  and  alumina  less  than  10;^ Group  18 

10;^  to  20^ Group  19 

more  than  20;^ Group  20 

If,  now,  limestone  of  a  particular  composition  be  sought,  its 
place  in  the  tables  can  be  readily  ascertained.  The  first  step  is 
to  find  from  the  "  Key  to  grouping  ^'  above,  in  what  group  lime- 
stones of  the  desired  composition  will  fall.  This  ascertained,  the 
preliminary  scheme  immediately  following  this  appendix  will 
show  in  what  states  limestones  of  that  group  may  be  found,  the 
limestones  being  designated  by  numbers  corresponding  to  those 
used  in  the  regular  "  Tables  of  limestone  analyses  '^  which  follow 
the  preliminary  scheme. 
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MO,   804  7.  S18,   884. 
8«(>:»l1.W;a,3«,S»- 

ifio: 

iflsl 

173, 

m. 

1T»43 

m 

306, 

S 

m. 
sit. 

816; 

lot 

:..:::  i 

iBo; 

9W 
Ul 

1 

B;fl.  883.335,  aiB 

Maine 

M.ryUud 

3M,3n.  873,878 
SOB 

sar-ss. 
4oe 

438,  430. 481,  433-40 

4E9 

4«,44T 
45S,4SS 

K    wJ 
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8 

» 

a,ir 

40 

88,  eo 

Bl,M.W,l(»,lCe 

108.10(1,  no,  III,  lis. 

UStM.SIS 

MJ88,29»,S17,SB, 
m,  SS4.  SK,  Ut, 

IB.  BO,  87 

«i 

<2 

lit 

■W.1 

sol  

ia>      lei, 

1 
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m- 

i 
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m 

me. 

WE 
SIB 

in 

IAS 
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"• 

w 

M 

...  ! 

ii 

mo' 

965, 

1 

aio 

S80,326 

«9,aas, 

SU5 
138. 

tm 

STB 

HM 

W5,!:4-75 

aw 

«S-T 
410,«S.4M,«S,41«. 

» 

4S7 

» 

m 

•». 

4a)' 

MS 

« 

MS 

448.  «» 

480 
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STONE  ANALYSES 


Xaw    VOBK    BTATK   UUSSUU 


I^BESTOn^^l 


ANALTsea  or  uBEsronj 

Ko. 

BTHTB  iKD 

nMv 

i 

i 

i 

M.7« 

an,«s 
oM-a 

aBa.30 

T." 

m.ii 
M.in 

oM,44 
WM 

ia.K 

4S.6B 

48  5.1 

Eaaw 

49.89 

a».ss 

(nuw 
MU-M 
M.n 
11,11 

t.ll 

W.4S 

.T» 

4n.s 

nw 
t 

40.S5 

3i.4S7 

Mr, 
1.87 

SI.B8 

97.91 
M.M 
ST  89 

1 

IS.M 

K.ei 

f 

Al*b-roa 

Blount  Spring..  .. 

inniitoD  

Horrllrlllo 

Stmnetd 

.e 

S.M 

S,T8 

»T4 

.4 
.» 

.IT           .IT 

t.W         l.SI 
4.T1         !.<» 

.J 
7.T4         8.W 
4.1T         8(8 
.IS 

.n 

SI     tnioe 
,<U 
1.47 

*.?7 
T.m         T.4S 

e.;8s     4.W 
4  re 

.a» 

£1Hd  1.481 
l.M 

A  Ub  S.Ota 

Colberi 

Conecuh 

UbIIu. 

■■" ^ 

Fort  PajTie L 

RuSSBllTlllB 

Beulot, 

' 

Fraolinii 

Lowndes 

V>.nago 

M.M 

M 
.U 
.18 

... 

n 

a.ea 

. 

14 

L 

' 

1" 

" 

Stanley 

l.U 
*8IO, 

a.uT 

*4ro3 

n«rk 

Ok 

-n 

Walrlons 

Whits  River 

Eureka  Springe 

Im.  B.  e.of  YeUTllle 
Hoppemine 

la.BS 
la.crr 

■■1 

lU 

t>«ha 

Eureka  SpriDKB 

Lawrence 

Little  Hirer 

4.« 

fl.Ttll 

a  m 

»t 

Rocky  Comfort 

?r 

,^ 

Newton  

B.Ol 

la.iB 

in 

a)n.iaw,«.ss 

;::::::!■;:: 

M 



i 


I.I  ME    AND    CEMENT    INDOSTBIES 


OF  THE  UNITED  STATES 


Oth  rep't.  pt  S,  p.  3!> 

i].lB8,p.t98 

^  rep't,  ptS,  p.  3H... 


1,  A.  P.  Birch  qmury 
>  Anolston  lime  wcrlni 
, .  Knoi  dolomite 


t  U.^a^  Ksol.  Bur.  Wth  »p-t.  pt  8,  p.  SM-«:  i 
geol.'aar.XthnpXpte.p.Kt-K;  3.0. 
nd.  aiid  ad.  aoc.  SiU-SI 


a.  SlaDdardltmeeo, 
■•  Fnuiklin  qaarry  cc 


seol.  tmr.  90th  rep't,  pt  B,  p.  SU^fiS;  B.  . 
Keol.  (iir.  BHh  rep't,  pC  0,  p.  SM-K;  E. 
I    Ur  B.  EDO),  sat.  SOth  cep't.  pt  S,  p.  SH-95;    ' 


.  IionKTiew  lime  irorks,  no.  1 


I't,  pt  S,  p.  Wt-U;  A.  Noble, 

i;  Nary 


lur.  Both  rep't,  pt  6,  p. 
r!l88e,2:Mr 


Shelby  Iron  eo. 
r.  L.  FoMick 

J.  T.  Lanilt 

rk  Li1« 
idy  lime  marl 
Etlch  lime  marl 


..  IB  D.  13  V.  section  sa 


ZdCO.     l.'u 
Alkali*      .«» 


..  ChAlk 
.   Cbalk 


I.  =:  Ai»l]r«I(  of  hurned  lime 


NEW    YOBK    fiTATE    MUBBDU 

AHAI.TSKB  OP 


NC. 

"i'.-K^" 

™ 

i 

:5 

1 

i 

S 

3^ 

1 
> 

*8^!?ir^  '-i'.t 

Jolmmo 

i.» 

IT 

«fl.7B 

,.„ 

«.?i 

S3 

., 

"clmfrlco'la 

.^n 

ftl  M 

[  y 

aBl.MS 

:: 

^, 

Ooldrndo 

« 

41 

OnrflBld 

,B7 

<iW84 

O.TS 

m 

n 

fl.4fi 

« 

■'       

.IS 

II1S.B7 

blO-B 

4 

n 

47.71 



49 

in 

i.n 

-OB 

HS.Ta 

97 

IB 
9E 

I7.« 

48 

60 

««..« 

».4n 

.09 

»».<« 

(.trace 

43 

S7 
8S 

.a 

69 



M 

_ 

.08 

aSG.4S 

ftlrace 

48 

U 

.B 



JelTBrBOii 

.37 

.21 

aao.TO 

" 

Tl 

.I.K 

rn 

L  Htlville 

.n 

J. 

n-r 

,«n. 

0. 

11  M 

l.M 

1.5! 

hi  .41 

.0.01 

MOT 

rm 

90 

N 

Ut  Sllverheala 

oSi.S 

6..7 

4n.8i 

,M 

aCBO  hUgO 
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THE  UNITCD  STATES  Ccontinued) 


No. 

87 
8S 

SO 

40 

41 
42 
48 
44 
45 
46 
47 
48 
49 
50 
51 
52 
58 
54 
55 
50 

57 
58 
59 


MISCHL- 
LANEOUS 


MnO 


8.61 


'••••••>•••• 


MnO 
FeO 
FeO 
FeO 
FeO 
FeO 
FeO 
FeO 


60 
61 
62 
68 


FeO 

FeO 

IPaOs 

UnO 

iFeO 

Ici 

Alkalis 

FeO 

HdO 

Alkalis 

CI 

P2O5 

FeO 

BfnO 

Alkalis 

PaOs 

Orsr. 

FeO 

MnO 

Alkalis 

If' 

FeSa 
Org. 
Alkalis 
FeO 


FeO 

FeO 
MnO 
Alkalis 
P3O5 


cV 


.20 
.28 
.71 
.35 
.55 
.82 
.57 
.35 


REFERBKOB  IND  ANALYST 


Ark.  geol.  sur.  1888,  2:237. 


U.  S.  eeol.  sur.  20th  rep't,  pt  6,  p.  858;  G.  L.  Teller, 

'I  • 


anal 


U.  S.  geol.  sur.  Bui.  148,  p.  2:5;  W.  H  Melville 

anal. 
U.  8.  census  1695  min.  ind.  p.  607. 


U.  S.  geol  sur.  Bui.  168,  p.  S70;  L.  G.  Eakins,  anal. 

148,  p.  278;  G.  Steiger,  anal . . . 


i « 


» I 


i  fc 


it 


« I 


%  % 


I  % 


% » 


k  i 


« i 


i » 


I  i 


t » 


i  k 


I  i 


li 


t  i 


anal. 


168,  p.  270;  L.  G.  Eakins,  anal. 
**    p.  271,  W.    F.    Hlllebrand, 


.1 

.07 

.03 
40 
.24 
.1 
.00 
.88   U.  8.  geol.  sur.  Bui.  168,  p.  271,  A.  Guyard,  anal. . . 

•  vD 

.14 
.14  I 
.12  ' 
.18  I 

2 

.03  I 
.03  I 
.02  ' 
.67  I 
.06  I 

06 
.0?  1 

06  ! 

trace 

.07 

.05 

.88 


OWNER 
LOCATION  AND  REMARKS 


Sandy  lime  marl 
Crescent  white  lime  co. 


Niobrara  limestone 


1 1 


i  i 


*  I 


i  i 


li 


i  i 


ii 


anal. 
Am.  inst;  min.  eng.  Trans.  16:580 


**    p.  271,  W.  F.  Hlllebrand, 


Upper  Wyoming  limestone 
Silver  Wave  mine 

Dugan  quarry 


Gla8S-P«fndery  mine 


Montgomery  quarry 


Carbonate  Hill  quarry 


.19   U.  S.  geol.  sur.  Bui.  148,  p.  272;  W.  F.  Hlllebrand,] 
anal.  I 

U.  8.  geol.  sur.  Bui.  148,  p.  272;  W.  F.  Hlllebrand.  Serpentlnous  limestone 
anal.  I 


.18 
trace 
.07 
.05 
.08 


•  •••••••■•■•••• 


04 

L  =  Analysis  of  burned  lime 


U.  8.  geol.  sur.  Bui.  148,  p.  272;  W.  F.  Hillebrand, 
anal. 


r 


:    STATE    MUSEUM 

ANAi.YMEit  or  t.tMKSTonma  or 


Vo 

■IITIAHD 

— 

1 

5 

f 

6m.»7 

(>.B4 
W,»7 

6.1B 

;» 

6,14 

bI.ES 

t.r 

bA 
b.ST 
b.a 
b.tS 

M8.Sfl 

fS.l 
38, SS 

a.os 
as.  411 

|_ 

«.» 

48.18 

sr.BB 

H.7 
BB.(8 

IT,  IB 
4S.W 

"« 

4£)IS 
43.01 

<8,TB 
4a.B 
43.88 
IJ.li 

41.88 

5 

5 

Colorulo  <c-<I> 

UtSiKerlioeU.  .... 

iiM,« 

osi.ai 
iisr.is 
II8S.B11 

■si.ie 

<.BB.8l 
aiVM 
0M,S1 

n»,17 
il5a.8B 

am.m 

oB5,47 
OH-CIS 

64.* 

a.lJ.ai 

M.05 
08,18 
4S.8 

W.S* 

I.W 

.8 

UM 

S1.1> 

.ftf 

.w 

a.«t 

.« 
to.oa 

i.» 
7n 

B.TB 

,3S 

Pltltln 

.S3 

i.va 
a.i 

1.88 
S.84 

.88 

.SB 

irace 

m 

SB 



.... 

m 

17 

78 
TB 

81 

ia 

M 

m 

.06 
S.E 

aa.i 
» 

T.SM 
1.M 



Summit 

PlttMcDtaaua 

PorlhUl.... 

Bumniit  quarry 

PitUtOD  tunnel 

Summit  Kiag  ahafl. 
NnrthorSuRBrLoaf 
Searlseulcb 

.IS 

.s 

B.B8      a.i 
B.ii       a,'» 

1.236 

.»  

z 

tn 

so 

■=""■-"" 

S.W 

.48 

.... 

rni 

Dadn 

Floyd  

Jelferron 

■- 

EKypUaaquBirr  ... 
RlalnRFawa 

w 

.K 



.... 

Barlow L 

« 

Dyke»c-cek 
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THB  UNIT  KB  STATES  Ceontinued) 


No. 

65 
66 
67 
68 
CO 
70 
71 
78 
78 
74 
75 
76 
77 
78 
79 

to 

81 
82 
83 
84 
85 
86 
87 

88 
89 
90 

91 
92 
98 
94 
95 
96 
97 
98 
99 


U  8CSL- 
LANEOUS 


FeO  I 
MnOr 
FeO 

FeO 

FeO 

FeO 

FeO 

FeO 

FeO 


.46 
.09 
.83 
.06 
61 
.42 
.19 
.22 


P2O 


3W5 


.083 


RBFKRKNCB  AKD  ANALYST 


U.  S.  i?eol.  sur.  Bui.  148,  p.  272;  W.  F.  Hlllebrand, 

anal. 
U.S.  geol.  sur.  Bui.  148,  p.  272;  O.  Steiger.anal.... 


k  I 


« I 


« I 


p.  278,  L.  0.  Eakins,  anal. 


» t 


FeO  &  MdO 

.21 
FeO&MnO 

.25 
FeO  &  MnO 

1.19 
FeO  &  MnO 

.82 
FeO  &  MnO 

.20 
FeO  & MnO 

.82 
FeO  &  MnO 

8  06 
FeO  &  MnO 

.1 
FeO  &  MnO 

.17 
FeO  &  MnO 

.07 
FeO  &  MnO 

.15 

-•••«•••••■••••« 

•  •••  ••••■■••«••• 

•  •••  •••••••••••• 


Org. 


.15 


••••«•••••••••! 


r«*«««a«i»att«* 


FeO  .26 

Analysis  of  burned  lime 


Am.  inst.  min.  eng.  Trans.  23:580 

U.  8.  geol.  sur.  Bui.  168,  p.  274;  W.  F.  Hillebrand,anal 


i  I 


i  i 


t » 


I  i 


OWNKR 
LOCATION  ANb  REMARKS 


Blue  limestone 


Middle  Carboniferous 


Triassic 


U.  8.  geol  sur.  20th  rep't,  pt  0,  p.  870;  J  S.  Adam,  Canaan  lime  co 

anal. 
U.  8.  peol.  sur.  20th  rep't,  pt  6,  p.  870;  J.  8.  Adam, 

anal. 
U.  8.  geol.  sur.  20th  rep't,  pt  6,  p.  870;  J.  S.  Adam, 

anal. 

Ga.  geol.  sur.  18(6,  p.  263;  J.  M.  McCandless,  anal. 
*'  p.  264;  W.  J.  Land,  anal 


Canfleld  Bros,  quarry 


i  k 


I  i 


p.  266;  J.  M.  McCandless,  anal. 


p.  263 


I  i 


U.  S.  gejl.  sur.  20th  rep't.  pt  6,  p.  375;  N.  Pratt,  A.  C.  Ladd  lime  workn 

anal. 
U.  8.  geol.  sur.  20ih  rep't,  pt  6,  p.  876;  N.  Pratt, 

anal. 
Min.  res.  U.  8. 1890,  p.  357;  J.  C.  Jackson,  anal.... 


YOBS   STATS    UUSKUM 

AMALTBKM  OF  I.UIBarTOIim  Of 


OaorgU    (c'd) 


Adams 

Blackford.. 


ranklin . , 


,    Djkoa  ijtmIi  ■■ 

.  (ToitvlaWD.... 
. .  I>ewl  ltd  lima  qiiury 
.  iLuokaUI  cretk  ..., 
,.  BoulhnrTnrntnn.. 
..  Siuitl  mouDtaln  .... 

. ,  HArblatuMd 


Kenuolli 

Silver  creak 

18.8S 

»to 

».8 

G„«„l,„rR 

Mud  lAka 

Cooley  Uke 

Maiiliou  lake 

I  M.3T 


I  BG.IKl 

I  «.i7 


4t.H    . 

U.IS    . 


tM.01 

in.48 
r   M.si 
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THE  VXITBD  STATR8  (conUnued) 


No. 

100 
101 
102 
108 
104 
106 

106 
107 
108 
100 
110 
111 
112 
118 
114 
115 
116 
117 
118 
119 

120 
121 
128 
128 
184 
186 
186 
187 
128 
128 
180 
181 
188 
188 
184 


MIBOBL- 
LANEOU8 


Undet.       1.8 


RBFERXNOE  AND  ANALYST 


Qa.  freol.  sur.  1898,  p.  266;  J.  M.  McCandleaa,  anal. 

p.  68;  W.  J.  Land,  anal 


t » 


14 


»l 


«  t 


It 


>«•*••••!' 


•  ••••••*   ••«• 


•  •(••••••■a  ••• 


•••••• •••••••••• 


l********«****«a 


•••••••••••••••i 


•  •••*••••■!•§•§ 


•  ••■•••••■•••••• 


•  •••••••••••••I 


PaOe 


.006 


FeO 


SOs 
loss 
SOs 
loss 

80s 
loss 
loss 


.79 
2.81 
1.09 
8.68 

.88 
1.78 

.89 


*•••••< 


Org.— 
Org.— 
Org.- 


8.67 
2.68 
2.88 


Alkalis        .40 


_      J.  M.  HcCandless,  anal, 
p.  871;  » 


»» 


U.  8.  geol.  sur.  20th  rep't,  pt  6,  p.  877:  N.  G.  Bart- 
lett,  anal. 

U.  8.  geol.  sor.  20th  rep't,  pt  6,  p.  877;  C.  G.  Hop- 
kins, anal. 

U.  8.  geol.  sur.  20th  rep't,  pt  6,  p.  877;  T.  C.  Hop- 
kins, anal . 

U.  8.  geol.  sur.  20th  rep*t,  pt  6,  p.  877;  J.  B.  Brit- 
son  anal 

U.  8.  geol.  sur.  20th  rep*t,  pt  6,  p.  877;  T.  C.  Hop- 
kins, anal. 

U.  8.  geol.  sur.  20th  rep't,  pt  6,  p.  877;  T.  C.  Hop- 
kins, anal. 

U.  8.  geol.  sur.  20th  rep't,  pt  6,  p.  877;  T.  C.  Hop- 
kins, anal. 

U.  8.  geoi  sur.  20th  rep't,  pt6,  p.  877;  T.  C.  Hop 
kins,  anal. 

U.  8.  geol.  sur.  20th  rep't,  pt  6  p.  877;  T.  C.  Hop- 
kins, anal. 

U.  8.  geol.  Rur.  20ch  rep't,  pt  6,  p.  878;  C.  8.  Rob 
inson,  anal. 


Mfn.  ind.  1:49. 


U.  8.  gaol.  sur.  20th  rep't,  pt  6,  p.  878;  8.  E.  8wartz, 

anal. 
Mln.  res.  1886,  p.  642 


4  t 


11890,  p.  892 


U.  8.  geol.  ear.  20th  rep't,  pt  6,  p.  882;  8. 8.  Qorby, 

anal. 
U.  8.  geol.  sur.  20th  rep't,  pt  6,  p.  882;  S.  S.  Gorby, 

anal. 
U.  8.  geol.  sur.  20th  rep't,  pt  6,  p.  882;  8.  P.  Gorby, 

anal. 
U.  8.  geol.  sur.  20th  rep't,  pt  6,  p.  882;  8.  8.  Gorby, 

anal. 
Ind.  geol.  sur.  1900,  p.  866;  W.  A.  Noyes,  anal 

44  •»  14 


OWNER 
LOCATION  AND  REMARKS 


MarbYehead  lime  co. 
F.  W.  Monke  stone  and  lime  oow 
8teams  stone  and  lime  co.'^ 
Chicago  Union  lime  works'co. 
Artesian  stone  and  lime  co. 

4  4 

Union  lime  co. 
Blue  Island  quarry 
8tony  Island  avenue  quarry 
Kankakee  stone  and  lime  oow 


Armstrong  quarry 


Baltes  land  co. 


44 


4  4 


44 


U.  8.  geol.  sur.  Bui.  148,  p.  268;  C.  Catlett,  anal  .. 


44 


44 


44 


Ind.  geol.  sur.  1900,  p.  821;  Osbom  eng.  co.,anal. 


4« 

44 


4  4 


44 


4  4 


Casparis  stone  co. 

"  Ohio  Valley  "  quarry 

"  Black  Diamond  "  quarry 

''  Belknaps  "  Falls  City  quarrj- 

Trenton  limestone 


44 


W.  A.  Noyes,  anal.... 


U.  8    geol.  sur.  20th  rep't,  pt  6,  p.  882;  W.  A. 

Moyes,  anal. 
U.  8.  geol.  sur.  20th  rep't ,  pt  6,  p.  881;   A.  W. 

Smith,  anal. 


J.  A.  Derbyshire 
Maucki>ort  quarry 


Analysis  of  burned  lime 

58 


>BW    YOKE    STATE    UUSECU 

A^'ALTSKS  or  LIMKSTOWKS  OW 


HarrtwB  ■ . , 


,.  SlauirlipoK... 
..  Kokomo. ...,, 


..  HODtlBSUa.. 
..  BiBOTMk 


..  Uttb!Eft«l*l> 
..  BHtfunl 


,,  Turkey  lake 

ulakuekealAkfl., 


Moore  lake 
Peru      

.  BloomlDStOB .. 


..  StlaesTllle 

. .  Clear  creak 

e.  of  Spencer. 


-J 
I 
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THE  VXITBD  STATES  (continued) 


No. 

185 
186 
187 
188 
189 
140 
141 
142 
148 
144 
145 
146 
147 
148 
149 
150 
151 
158 
158 
154 
156 
156 
157 
158 
150 
160 
161 
lOS 
168 
164 
166 
166 
167 
168 
169 
170 


MIBOEIi- 
LANXOUB 


•   ••«•••••■•••••• 


MgO 
MgO 


trace 
.86 


SOs  1.25 

Undet.      1.82 


•  •«•••••••••  •••< 


SOa 
loss 

CaS04 

Org. 

Org. 

Org. 

'^rg. 


1.18 
46.01 
1.58 
4.28 
8.12 

5.02 

2.87 


REFKREMOB  AMD  AMALTST 


U.  S.  geol.  sur.  20th  rep't,  pt  6,  p.  881;  A.  W. 

Smith,  anal. 
U.  R.  geol.  sur.  20th  Tep\  pt  6,  p.  882;  Grasseli 

chem.  CO.,  anal. 
U.  S.  geol.  sur.  20th  rep't,  pt  6,  p.  882;  Grasseli 

chem.  CO.,  anal. 
Mhi.  res.  U  S.  1800,  p.  808 


OWNKR 
LOOATION  A]n>  RSXARKS 


t » 


k» 


U.  8.  geol.  Rur.  20th  rep't,  pt  6,  p.  888;  Q.  M. 

Levette,  anal. 
Ind.  geol.  sur.  1900,  p.  826;  L.  H. Streaker, anal... 


It 


1 1 


1 1 


U.  S.  geol.  sur.  Bui.  148,  p.  268;  C.  Catlett,  anal... 
Ind.  geol,  sur.  1900,  p.  29;  S.  B.  Newberry,  anal . . 

821; 


I » 


» » 


..  •..•*• 


PaOs      trace 
PaOs       trace 


CaS04 
Org. 
CaSO* 
Org. 


.17 
8.21 

.17 
8.15 


Org. 


4.15 


•••••••••••••••ft 


Alkalis 
Alkalis 
Alkalis 
Alkalis 


.55 
.88 
.1 
.88 


I » 


k  I 


41 


it 


*  A.  W.  Burwell,  anal. 

*  W.  A.  Noyes,  anal... 


tt 


It 


1 1 


U.  S.  geol.  sur.  20th  rep*t,  pt  6,  p.  881;  F.  W. 

U.  S.  geol.  siir.  20th  rep%  pt  6,  p.  881;  A.  W. 

Smitn,  anal. 
U.  8.  geol    sur.  20th  rep't,  pt  6,  p.  881;  A.  W. 

Smith,  anal. 
U.  S.  geol.  sur.  20th  rep*t,  pt  6,  p.  881;  A.  W. 

Clarke  anal 
U.  S.  geol.  siir.  Bui.  148,  p.  268;  F.  W.  Clarke, 

anal. 
U.  S.  geol.  sur.  Bui.  148,  p.  268;  F.  W.  Clarke, 

anal. 
Ind.  geol.  sur.  1900,  p.  828;  A.  W.  Smith,  anal . . . , 


1 1 


1 1 


1 1 


1 1 


821;  W.  R.  Oglesby,  anal . . 
**   W.  A.  Noyes,  anal.... 


1 1 


1 1 


1886,  p.  42 

Ind.  geol.  sur.  1900,  p.  821;  W.  A.  Noyes,  anal 


U.  S.  geol.  sur.  20th  rep*t,  pt  6,  p.  882;  J.  N.  Hurtz, 

anal. 
Ind.  geol.  sur.  1900,  p.  826 


it 


1 1 


it 


1 1 


1 1 


it 


U.  S.  geol.  sur.  20th  rep't,  pt  6,  p.  881 

Ind.  geol.  sur.  1900,  p.  826 

U    S.  geol.   sur.  20th  rep't,  pt  6,  p.  882;  W.  A. 
Noyes,  anal. 


Big  Creek  quarry 
Defenbaugh  &  Smith 


1 1 


Huntington  white  lime  co. 
Indiana  steam  stone  works 


1 1 


Syracuse  Portland  cement  co. 


Bedford  quarries  co. 
Bedford  Portland  cement  co. 


It 


Bedford  Indiana  stone  co. 
Hoosier  stone  co. 

**  460  00.  151 

Bedford  Portland  cement  co. 


Peru  stone  and  lime  co. 
Dunn  &  Dunn  quarry 


it 


Dunn  &  CO. 
Monroe  marble  co. 
Acme  Bedford  stone  co. 
Simpson  &  Archer  quarry 
Romona  oolitic  stone  co. 


6MgO 


[ndlnna  (c'di 

Ranilolph . . . 

StdTlce 

Steubea 

WnbiBb 

Wublogton.. 


i»er  iBlcB 

Noire  D«me  lake . 


White,. 
WhUleyA  Noble 

Marshall.. 


Cnion  Clly.... 
North  JudMm.. 
Hnxlake 


Someniet.., 


Neur  Rochester... 
DfKalh  


On  BiE  SIdi 

Deep    creek 

LeMaw 
Hn  warden  . 

Humboldt. . 
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THB  UNITED  8TATKS  Ccontinued) 


No. 


71 
72 
78 
74 
75 
76 


HI8CEL- 
LANKOU8 


>  •    •••••••••••• 


•  •   ••••••( 


Org. 
OrR. 
Org. 
Org. 


77  'CaS04 
Orj? 
Org. 


78 
79 


Org. 


80  ICaSO* 


Ors 


81    CaSO* 
Org. 
CaSO* 
Org. 
loss 


82 

83 

84   loss 

85 


4.51 

4.18 

2.33 

1.56 

.15 
1  97 
8.68 

1.5 

.14 
2.26 

.23 
4.18 

.22 
8.88 
1^.681 

12.18 


REFERENCES  AKD  ANALYST 


OWNER 
LOCATION  At*D  REMARKS 


U.  S.  geol.  sur.  20th  rep't,  pt  6,  p.  881 ;  W.  A.  Noyes  ,RoDDona  quarry,  see  no.  170 

anal. 
U.  S.  geol.  sur.  Bui.  148,  p.  268;  F.  W.  Clarke,  anal. 


Ind.  geol.  sur.  1900,  p.  821;  W.  A.  Noyes,  anal 


■     ••      «•••••••! 


86   loss 
87 


88 
89 
90 
91 
92 
98 

94 

95 

96 

97 

98 

99 

«)0 

201 

200 

208 

204 

206 

206 


•■■••< 


10.687 


»••«••• 


••••••• 


AlkaUs        .15 


'•••••••.••I 


CaS04 
Org. 


.22 
6.71 


•••••■••••••« 


MnOa 


.20 


••••••*■••«• 


FeO 

FeO 
MnO 
FeO 

FeO 

FeO 

FeO 
MnO 


.09 

.27 
.06 
.09 

.19 

.1 

.09 
trace 


..■•«  •.••....! 


i     t 


t     i 


I     t 


i     I 


(     I 


»     t 


%     t 


tl 


I     % 


k     i 


**    C.  R.  Dryer,  anal.. 
**    W.  A.  Noyes,  anal 


»i 


i  ( 


**  C.R.  Dryer,  anal... 
p.  25;  H.  H.Hooper,  anal, 
p.  881;  W.  A.  Noyes,  anal 


» t 


t» 


ik 


1 1 


1891,  p.  257 

1891,  p.  268 

U.  S.  geol.  sur.  Bui.  148,  p.  268;  C.  Catlett,  anal.... 
Ind.  geol.  sur.  1891,  p.  257 


U.  S.  geol.  sur.  20th  rep*t,  pt  6,  p.  881;  A.  W.  Smith, 

anal. 
U.  8.  geol.  sur.  20threp*t,  pt  6,  p.  882;  W.  A.  Noyes, 

anal. 
U.  S.  geol.  sur.  SOthrep't,  pt  6,  p.  881;  A.  W.  Smith, 

anal. 
U.  S.  geoL  sur  20th  rep*t,  pt  6,  p.  881;  A.  W.  Smith, 

anal. 
U.  8.  geol.  sur.  20threp't,  pt  6,  p  881;  W.  E.  Stone, 

anal. 
Ind.  geol.  6ur.  1900,  p.  821;  W.  A.  Noyes,  anal... 


U.  S.  geol.  sur.  Bui.  148,  p.  268;  C.  Catlett,  anal. 


Iowa  geol.  sur.  11:886;  N.  Knight,  anal  ... 
8:308;  J.  B.  Weems,  anal 


U.  S.  geol.  sur.  20th  rep't,  pt  6  cont'd,  p.  883;  8.  Cal 

vin,  anal. 
Iowa  geol.  sur.  7:251 ;  G.  E.  Patrick,  anal 


» i 


» I 


1 1 


1 1 


1 1 


14 


t  k 


t  t 


t  t 


8:859;  J.  B.  Weems,  anal, 
li  it  I i 


10:152 


U.  S.  geol.  sur.  16th  rep't,  pt  4,  p.  504 ;  Willislon, 
anal. 


Trenton  limestone 
Marl 


Natu'al  cement  rock 


1 1 


Trenton  limestone 

Natural  cement  rock,  Davis 

farm 
Twin  Creek  quarry 

**  see  no.  187 

Hoosler  quarry 

Salem  quarry 

Ind.  macadam  &  construction 

CO. 

Uarl 

Trenton  limestone 

Lower  Davenport  limestone 

DeKalb  limestone 

L.  B.  Stuart  &  Co. 

Fine  grained  oolite,  LaQrande 

quarry  co. 
Blue  limMtone 

Iowa  Caen  stone 

Iowa  marble,  plain 

Iowa  marble,  colored 

Stratified  limestone 

Chalk  rock,  old  quarries 

Benton  limestone 


c  Ferrous  carbonate. 


HEW    YORK    STATE    MUSEUM 

AMALYSEB  OW  UHKSTOKBS  OV 


'   CUy  


strong  city 

inwoQd  TslU. . . 


ArKBQ-MCIt;... 

WEnfield 

Cambridge 


irson Iwinclies 

iWD [oitawB. 

L«iveDwortb...lL«nalDlc 


M.1S 


BI.BR 
W.Ol 


Soldier's  Home.  , 
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sss. 

•■"-■"■•"-" 

U,CT,0>''!S"».«» 

r.  B,  geol 

Biir.  l«threp'I.  pt4,  p   M6 

WUliBtOh 

lolamarhtaea 

SuilAtOL        .3 

u 

sur.  Wtli  rept.  pt  4.  p.  UG 
jiur.  IBih  rept.  pt  i.  p.  Bia 
ur  IBIh  rei.t.  pt  4.  p    US 
UI-.  IBib  rop't.  pt  4,  p.  M6 

WIIUsIOD 

vruiwon 

Wffllgtoo 

M 

u 

u 

r 

Ir' 

S-geol 

sur.  10th  rept.  pt  4,  p.  BOS 
sur.  IBIh  rept.  pt  4.  p.  Ua 
Bur.  Idth  rept,  pt  4.  p.  SOS 
.ur.  IBIh  rept.  pt  4.  p.  BM 

WillUton 

Wuiislon 
■Wl(ii»io<. 

Frej-  Bros,  quarry 

BulfalH      .(8 

u 

>iml. 

Bur.  18th  mp-t,  pt  4.  p.  £04 

WUIKton 

,0 

u 

lur.  I«thr^pt.pt4.p.  561 

WUllfllon 

BitlleerBroe.  qutrrr 

■?cUi 

Biir.  IBth  rept,  pt  4,  p.  S05 

niUlBlon 

B  iiboarbooireroia  1  Imesione 

FeO              .2 

J, 

BDBl 

•tioB,  auai 

Cherokee  limestone 

lOth  re   ■(      14       604 

Alkali*         .H 

Bui.  m.  p.  563;  C.  CBtlett.  uibI.. 

II 

8.  neol 

8.  geol 
■nal. 

S   Keol 

tut.  lOlh  rep't,  pt  4,  p.  BW 
jur.  IBIh  rep'i,  pt  4.  p,  SOS 

WiliiSlOD 

u 

■ur.  I6[h.ep-(.pt4,p.iwi 
BUP.  lath  rep-(.  pt  4,  p.  U» 

Wllliston 

u 

s"  Ksol. 

jur.  IBIh  rep't.  pt  4,  p.  MS 

Williwoq 

Suiralea     ,38 

u 

S   iceo]. 

eur,  18th  rep't.  pt  4.  p.  BOS 

winij.ii'ti 

u 

8*^1. 

Bur,  lOtli  rep't,  pt  4,  p.  SOI 

Willi.tnn 

u 

8  iteol. 

.ur.  ICthrep-t,  pt4,  p.  BOB 

Willistou 

Hauwayquamr 

u 

RBeol, 

aur.  16th  rep't,  pt  4,  p.  50& 

WlllHton 

.. 

u 

S   i-eol. 

sur.  ;«threp't,  pl4,  p,  50,-1 

wiilision 

u 

a"  eeol. 

Bur.  letbrep't,  pt  4,  p.  BOS 

WlLliflron 

u 

Bur.  IBth  rep't.  pt  4,  p.  B05 

wlllt.ton 

Bed  ton  Crelaceou* 

u 

a'eeoi. 

Bur.  18lh  rep't,  pt  4,  p.  603 

WilllBton 

Su[fat«       .M 

u 

Bur,  16th  mp-t.  pt  4,  p.  505 

WilllBlOU 

A.  W.  Chnrles  quarry 

u 

BUr.  10th  rep't.  pt  4,  p.  505 

WilllBtnn 

8iilfat«      .(B 

u 

8.  »ol. 

Bur.  16th  rep't,  pt  4.  p.  501 

Wllllslfln 

Sullato       .88 

TJ 

si'iceol. 

sur.  leth  rep't,  pt  4,  p.  5M 

WllllBtOll 

auUfttea      .18 

u 

8.  ^1. 

sur.  leth  rep't  pt.  4.  p.  lUt 

Wllliscoa 

Bullatn     t.fS 

u 

8*  iteol. 

8«r.  IBlh  rep'l,  pt  4.  p.  B0( 

Willlston 

Bullatra      .87 

u 

S'""- 

BUr.  18th  rep't,  p.  4,  p.  BOB 

WllllBWn. 

mw  yOBK  STATB  inrsKDU 
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■ 

■ — "ir^ 

■ — " 

So. 

RITE  AMD 

puom 

1 

i 

< 

1 

i"  1 

s_ 

I: 

i  IS 

i 

1  01 

Bl 
»1 

06 

40.H 

i.sa 

t«.»i 
t.n 
B.n 

, 

» 
M 

M7 

..        

.. 

M 

M 

B 

S.HT 

s.ra 

U.01 

jj 

«0 

MoutKoniery... 

NanuhA 

St 

8t 

«G 

OH 

1 
.8 

iDd      ml 

SB 

Iff 

1.9 

ii.tr 

W  ln» 

14.09 

B.1 

ii4S 

oa 

i.n 

tt.OS 

e.M 

,, 

«8 

A,lmB     

...J 

m 

- 

8N 

SB 

1,S5 

>.IS 

•w 

«9 

« 

SB 

S.W 

ia.B 

: 

ei 

M 

i.aa 

SM 

Kaatnckr 

LAHrcDcHburs 

*»•■ 

... 

l.M 

10.4S 

SlMgovr  Junction  .  ■ 

..;„, 

.MS 

i.oa 

£MliO, 

TV 

M 

is.su 

«.« 

aw 

£U 

S?' 

« 

ts 

T.M6 

S.I« 



M)7 

""::..: 

W.ildaClwcrtwk. 

KeuOwlngsvUlB.... 

lO, 

! 

18.681 

as.m 

17.64 

I.n 

:: 

a» 

«""*"" 

Quiirry  below  woody 
nuIure.'nWIIllitm 

Caoe  rl.lKa,  William 
Biickner'tCBrni 

go. 

96 
78 

w 

t  C49 

I5.BW 

i.cse 



«71 

Bm.e,of  P«rls 

.88       B.M 

" 

'* 

11.896 

I.fl7 

Bullitt. 

Boll         t[ 

ftMnp, 

nil 

17.^1 



t.a 
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MS  SaUate* 

9»  jSulfkUa 


Alkalb 
m   P,Oa 
SOi 

■«8S   P,Oj 

96, 

AlksUi 
KS    P,0, 

SO. 


80( 


".tJ-'- 


'.:.r'- 


V.  S    BBOI. 


..u.s 


Iflth 

rep- 

ptl 

18th 

rep' 

pt4. 

leth 

rep' 

pt4 

ISlh 

rep' 
repH 

P14, 

Pt4. 

imh 

™p' 

Ptf 

lath 

rep' 

pt4 

iflib 

rep-t 

pt  4, 

iflth 

rep- 

pt4 

isch 

rep't,  pC  4. 

leib 

rep't 

pt4 

inih 

rep't,  pi  1 

ISUi 

rep-t.  pt  1 

leth 

rep- 

pi  4 

bUl-t«.p 

■,tS;  F 

TBih 

rop' 

pt4 

IGtt. 

rep- 

pt4 

lOth 

lept.  pt  4. 

IBth 

rep- 

pt* 

l«b 

rap' 

pt4. 

BW;  WiUlslon. 
E04:  wnilitoi 
CM;  Wi Hiatal 

S041  wmtitoi 

501;  WUllBloi 
604;  WlUtaton. 
BOB;  WlllUt. 
BOB;  Wllllati 
BOB;  WilHilAD. 

BOS:  wiutatoD, 

BOB;  WiUJali 
BOB;  WilUnoo, 
'.  CUrke,  uuil 
Ml;  WlllUtou, 
SIM;  WUlUtOD. 
SOI;  WiUlitoi 
p.  SOB;  WlUUtoi 

p.  E«e: 


chf  ID  rep't  A.  pt  C,  p.  It> . , 


iLKuhnJCCn. 


Car)>i>a<fer(iuii 


Loup  Fork  TertlArr 
Suppowl  mftrl 


Loirer  Hudcon  Rl>ar  gtoup 
.UpprrSubcuiioiiUeroiu 


L'l^rBUunaii.CliBtoa  (roup 

I»wer  Uwlaoo  cnxtp 
TrrtiUiB  group 
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"■ 
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No. 

■TiTI  UII 

,™. 

S 

o 
5 

1 

« 

i 

s 

tT.M* 

_8_ 

it 

i 

Kentaokj'  ic'd) 

B.  C.  PlDdBi-i  rarni 

&MnO, 
&MaO, 

tl.SS 

e.m 

«!* 

Barren  rlrsr.  mouth 
of  Oaauer  creek 

Ht  8»aee  fumace. 

«.o. 

t.n 

I.IS 



,,. 

AM  O 

AMnOi 

i.as 

-MA 

.» 



"       

S80 

Quarrj',    tnoulli    of 
^lo-6r    Howard'. 

SWivarfa  mill,  Lol 

Honara'*  creek 

«a°. 

BS.B8 

ai.BS 

S.tBS 

Sl.Tt 









SfS 

Critteaden 

OrittendBti  (urnirje. 

A  Mi>0, 

K.es 

S6.su 

18,«. 



asa 

.„,,™™„™ 

*1K 

80.01B 

H.B8 

■;::: 

DHn'lBrliik-iquftrry 

4Hnp, 

aw 

.03 

sia 

xn 

Van   AbiD-s   qonrry 
below  Leilnmwi. 

*?«' 

7TM 

in 

4.IH 

»8 

Brlmee'e  quarrr.  or. 

*«„0. 

M-W« 

8&.ltt 

5,M; 

sw 

Harria's  quarry,  ou 

RBr<-n"'creSi.'llRE?Bi 
Brink's  ljuarry 

*MnO, 
B.B7 

riu.BS 

jtr.uo 

*.ia 

a.. 

Iten'l  Brlnk'a  quarry 

^"£- 

W.6S 

..0(4 

I.M 



FlBmlng 

Newton  tiimplke,  at 
flrat  toltgate 

asa 

■iiir 

SMnO 

4168 

uass 

10  fS 

£MnOl 

oetu 

■  .« 

S.K 

^ 

AMnO, 

«S.B8 

'■" 

>.oe 

BW 

NearBrl(tht'»inllla„ 

iSInO, 

B9,6» 

.68 

«.w 

3B13 

87.78 

£4S 

ITS 

i.m 

801 

R- R.  nut,  !m- above 
Franktoit 
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n  Kj.  gooL  sur.  chem.  rep't  A,  pt  S.  p.  1! 


t   P,0» 

(   FeU*P,0»!s 


)   MnCO, 
)    P.O, 


AlkBlil 

Alkftlls 


aoo  p,o» 

kh  PiO)       4.o»' 

1,  =  AnalyalB  burned  Ume 


Upper  SUuriaD,  NlMi»ra 

trpper  Siibearboaif  eroui 

CobI  Measure*  llmMtone 
Upper  SnbcBrbouU ei  oui 

OrUkany  group 

Lower  Sabcarbonlferou* 

Upper  SIlurlHD.  Niagara 


p.I£5... 
p.tSO  .. 


p.   93... 
p.  ISS... 


rrenton  group 

Lover  Huilion  River  group 

Trenton  group 


NEW    YORK    STATE    UIIg£UU 

ANAI,TBK8  OF  LIMB8TOKE8  OF 


»,. 

0OD»TT 

WJC* 

o* 

i 

< 

i 

s 

5 

1 

s_ 

T.4*t 

KflalDcky  (cd) 

«HnO, 

BOB 

a™)'""' 

Fulls  of  Rouehcreek 

85.88 

e.Ms 

SK 

Or-nup 

!<«>  ridge 

•a"- 

M.4, 

.TW 

D.W 

a» 

BufTalo  cr.,    Boome 

•.«?s- 

M.TB 

»SM 

B.« 

KM 

HeiHi  ot   Old  To«« 

*"?£■ 

sa.iB 

.» 

o.an 

M.IH 

:: 

Hr  Moreman.  IW  m. 
It  of  BiBSpripg 

*"«' 

.<N9 

.as 

Httf 

M  m.  from   Creech 

l.gg 

Ed 

1.S9 

inM 

iia- 

B-Td 

4S.Ee 

Sl.M 

jBffamoQ 

LouUivlUe 

*  fis' 

>.«e 

us 

Farm    or    Theodore 

S7.78 

4.flIB 

T.09B 



1.BS 

a.48 

m7 

Lawis 

V  ncaburR 

87  «« 

S  (if. 

MT 

SD88 

9S3 

"" 

Muddy  creek,  or.  J 
mSdufycrMk 

IH.K 

SI. US       4 

L 

8T.M 

11.79 
B.8» 

«18 

£l<na 
£Ion 

£!«• 

4.tn 

aas 

8»1 

Below      mill      dun 

Huddy  creek 
Belon      mill      dam 

B«'lo**''ml5"'dam 

Muddy  creek 
Below      mill      dam 

IS.S8         4 
10.708       a 

OS 

43.7 
B0.06 
3S.ia 

a7.4ni 
87.9n 

u.iat 

4.B4fl 







S.M 

8,(8 

„ 

41.16 

40.28 

1S.K6 
1B.008 

ffi.IS 

SKI 

1  m.  B.  of  8.  J.  Em 
Cnitondan  furnace 

4MnO, 

a»ino, 

4.01  5  PaOs 

B.IIT 

Ml 

Elllaton,  Covington'l 

4B.1IS 

..™ 

14.IS 

M.BS 

■■■"■ 

Iliploced.    Should  belt 


LIME    AND    OEHSM'    INDDSTB1£B 
THE  DNITKD  STATES  (coatIaMd> 


Ho. 

LUCUtJB 

"—""--"•'" 

— ""-— 

KH 

I'P' 

.81 

Kr.  geol  8Uf.  chom.  repH  A,  pt  »,  p.  m 

Upper  Silurian 

m 

Alkalis 

'.ex 

.609 

Pl«> 

KM 

m 

Ff,CO. 

P-"» 

Ciinl  Mrasures  llnimtODeB 
Upper  8ul-au-boBiferou« 

■or 

109 

m 

'isi 

110 

Org. 

is!m 

p.SSS 

ni 

a"- 

.719 

p.i'e 

Coal  MeaKure)  lltprauiiie 

lis 

■■          P** 

IIS 

AlkolW 

.« 

«14 

Alkalla 

Alkalis 
P.O. 

.81 

pun 

Dp  per  Silurian 

no 

'sw 

*89l 

.01 
.!♦» 

pi" 

CUnlon  group.    Layer  DMl  10- 

top 

aiT 
m 

is. 

PMI 

P-  "'■ 

Clinton  sUaly  llmWone 

m 

P.O. 

.«U 

an 

' '      on  CumbxrUntl  gbals- 

n 

Nlagara.    TopMralum 
Bfoond  stratum  from  top 

M 

;,«;■ 

.876 

BE 

.754 


Niagara.        Ihlnl       sraturu. 
CUnto"  ^£«tone 
rnim  below  Catida-Ralll  grtt 
BituminoDi   llmeilone  aboia- 

;;;;;;;;;;;.;; 

p. '« 

■> 



no 

IVkall. 

'r 

m 

.  IkalU 

id 

Comittrouw 

aC»0         ^■BO         L  =  Aoalrili  buriMd  Iti 


'    YOEK   STATE    SCUSSDU 

ASAJ.YSKS  or  X-IHSflTOMKB  OP 


Nicholas  . . 
Ohio 


BlenTllle 

WInD. 


iindary  tiitb 
imlsh  Tills. . , 


Ho.  2 1     given 

Kantuclt)-       r  I 

bluffs 
Centuekr      r  i 

bluffH 
..  C.  JetTrlw  fiun.  . 

Anulle  [uroACe  . 


KelHon's  f 
Trout  msD 


.  e.  ShBlbyvi 
Uppfir  Hu,l»on  ris 


Rayboni'B  Bait  Lick 
IT.  of  WlnnDeld  . , 


AMbO, 


4.eis.. 

90. 7S 


BtM 
H>.4a 


S.D7S 
4  81T 


a, 478 

I.M 

£HDOg 

l.BB 

A  MnOi 
.S3 


UME   AND   CEMENT   INDUSTBIES 
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THE  UNITED  STATES  (eontinued) 


No. 


»n 

If,' 

.400 

.474 

Alkalis 

.888 

834 

PaOo 

.848 

SOa 

.872 

Alkalis 

.886 

886 

P8'>6 

.81 

SO, 

S.488 

Alkalis 

.488 

406 

K' 

.681 

.285 

Alkalis 

.221 

1«7 

Alkalis 

.849 

888 

880 

840 

841 

848 
848 

844 

845 


846 

847 
848 
Si9 

850 
851 
852 

868 
854 
855 

856 

867 

868 

850 
860 


MISOBL- 
LAKKOUS 


PaOs 

SOs 

Alkalis 

SOs 

Alkalis 

PjOs 

8O3 

Alkalis 

P8O5 

SOs 

Alkalis 

P3O5 

Alkalis 

Afk^is 

P,05 

SOs 
Alkalis 

Alkalis 

PaOo 

SOj. 

Alkalis 
Alkalis 

PaOs 
so. 

Alkalis 

&►?• 

AlkaUs 
AlkaUs 

HOs 

AlkaUs 


SOs 


.478 

4.717 
.217 
.285 
.00 
1  28 
.118 
.280 
.518 
.246 
.475 
.278 

1.2U2 
.671 
.568 
.697 
.247 
.27 
.845 
.158 

1.576 
.840 
.888 
.563 
.941 

1.842 
.866 
6.48 

.68 
.178 
.87 
.7 
.88 
.77 
trace 
.8 

.262 
.16  I 
.48 


BXTBRKNOC  AMD  ANALYST 


Ky.  geol.  sur.  chem.  rep't  A,  pt  2,  p.  128 


U.  S.  jfeo; 


%  k 


i  i 


i  % 


p.  124. 
p.  125. 


t  k 


p.  260.... 
it 


p.  815 
p.  110. 


p.  121 

p.  12« 


14 


p.  222 

p.  128. 

p.  110. 
p.  128. 
p.  250. 


sur.  20th  rept,  pt  6  cont'd,  p.  388 


Ky.  geol.  sur.  chem.  rep't  A,  pt  2,  p.  123 

p.  124. 
p.  125. 


14 


t  4 


4  4 


t  4 


14 


4  I 


4  t 


.05 


OWNER 
LOCATION  AND  REMARKS 


C'pper  Hudson.  Oxidized 


4  4 


4  i 


4  4 


*  4 


Lower  Hudson.  Under  subsoil 
of  old  fleld 

Trenton 

Chazy  limestones 


4  4 


4  4 


U.  8.  geol.  sur.  Bull  168,  p.  258;  R.  B.  Riggs,  anal. . 


U.  S.  geol.  sur.  Bull  168,  p.  258;  W.  F.  Hillebrand, 

i    anal. 


see  no.  838 
tee  no.  3')9 
Phospbatic  llmest.  of  Trenton 
Coal  Measures  limestone 

Black-slate  limf  stone 
Upper  Silurian 

44  4  k 

Upper  Hudson  river 
4  4 

Lower  Hudson  river 

Coal  Measures  limestone 
Lower  Hudson  river 
Upper  Silurian 

Caden  stone  co. 
Lower  Hudson  river 

Trenton  limratone 

Birdseye  limestone 

Chazy  limestone 


White  marble,  black  streaks 


L  =  Analysis  burned  lime 


NEW    YORK    STATE    HUSEUH 

AMALTSEB  OF  LIMBSTOltKB  O 


Ballimore 
FredeHcfa  .. 




Union 

1 

f«rren 

.SB 

ru».l«rlM«i 

»4.T4 

CDckpymiie 

W»lker».dle 

4.JB 

4.ai 

CaielowD 

.« 

BpefimeOB      from 


Chmhlre 

Stuck  bridge. 


Ctiarlsmont.. . . 
Webster 


t  4t.as   . 

I    M.Ot     , 


9  Ml.ll    4 
(   614.08    i 


J   traca  .OS   c 


aCmO  bUgO 


..IME    AKU    CEMENT    ] 


TUB  DNITED  STATES  (co 


Mo. 

HIBClf 

— 

,«.„„•>:;;■..., 

™ 

Htl 

FeO 

.08 

U.  p.  Ei-ol.  not.  fcith  rep't,  pi  P  cont'd,  p.  388;  F.  C. 

J.  H.  McXnmaraquan 

, 

m 

am 

U.S.  giKil.Bur.  HOtli  rep't,  pto cont'd,  p. 398;  ».  P. 

bhaip  ens,  anal.    .            -    .      -__ 

McLoon&Sto.erllme 

"■ 

mi 

Md.  geol.aur.  Allegany  <o,  repi,  p.  168 

Ballna  group 

su 

C.  ''.  ireol.  snr.  »Ui  rep't,  pt  BcoDfd.p.  401;  H.  J, 

,   PBltersoti.  anal,                                      „    „   , 

36S 

J,  W.  Stimmel,  no.  1 
^.  W,  Rtlnimel.  no.  li 

Paitamoc.  anal,                                     .„.    ,  „ 

m"  j"  Grove   lime  CO 

(llKht 

871 

Loss  on 

Uod. 

'"?, 

U.  rVol    Bnr.  Wlh  rrp't.  pt  0  cont'd,  p.  401; 

LehmBD  A  UlaBrr.  annl. 
Md.geol.aur.18W.  p.  IK:  Dr  J.  Higglns,  anal 

P,  G.  ZouL-k  i  Co. 

1 

B2 

Und. 

■" 

1 

i 

■■ 

1 

i 

». 



andoah 

318 
Bi9 



Und. 

: 

■• 

ago 

end. 

.1 

I 

881 

tat 
aaa 

«8* 

ass 

ast 

aar 

Org. 

ISD. 

.88 
8 

U.  B.   KBol.   sur,  90tb  rep-1.   pt  8  cont'd,  p.  110; 

V.  "y.  jreoL^Bur  aHh  rep't,  jit  8  coct'd.  p.  410; 

P.  S.  Buma.  anal. 
U.  8.   Iteol.  Bur.   SOth  reii't,  pt  fl  cont'd,  p.  410, 

U.  S.  '(teot.   ™r.  Sflth  rop't,  pt  8  cont'd,  p.  410; 

Davenport  £  Willlatna.  •mnl. 
U,  8  jteol.  Bur.  axh  rep't.  pt  «  cont'd,  p.  411; 

U.  8.  geol.  BUT.  sritb  rep't.  pt  6  cont'd,  p.  411; 

J    B   Bfitton  anal 
U.  8,  gtol.  Bur.  Bui.  168.  p.  e,-fi;  0,  Stelgor,  anal.. 

Adams  marble  co. 
J.  FoUettASons 
J.FollBttiSotiB 
Cheshire  mfE  CO. 
Hutcblnson  Bro*. 
C.  H.  HaeUDgB 
CutOD»ea(Bldeor  raUroad 

ass 

FM> 

T.a 

n,  8.  iteol.  Bur.  BuL  108.  p.  3M:  L.  0,  Ealtlns,  anal. 

m 

a 

i 

K.  M,  SlokeB,an*l. 

L  =  AobIjiIb  burned  ilmi 


SEW    TOEK 


OooOlitie . . . 
Heanepla  ., 


I    Steals 

I     WlnoDB... 


STATE    MUSEUM 

ANALVHEH  OE*  I.IHBSTOIfBS  OF 


BnysliDre  L    I 


I.  at  XouTotr   t 
1.  oT  Monroe 
I.  or  Uoar 


Lite 


FouuUin 

LoDMboro  . . . . 


Red  Wing 

Miniienpolls  .. 


42. oe    . 
SS.4e    . 
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THB  UNITED  STATES  (eantinued) 


No. 


890 
S91 
8»2 
898 
894 
895 
896 
897 
808 
899 
400 
401  S 


MISCKL- 
LANE0U8 


•  ••••••••• 


•  ••••••••#••• 


•  ••••••••••••• 


Org.     &     loss 


RSFKRENOB  AND  ANALYST 


U.  S.  geol.  sur.  20th  rep't,  pt  6  cont'd,  p.  412. 

*♦  p.  418. 


i  t 


ti 


li 


Org. 
Org. 


402 
403 
404 
406 
406 
407 
408 
409 

410 
411 
412 
418 
414 
416 
416 
417 
418 
419 
420 
421 

422 
428 
424 


S 


2.864 
1.69 


1.68 


.066 
.128 


E.  J.  Schneider,  anal. 
U.  S.  geol.  sur.   20th  rep't,  pt  6  contM,  p.  418; 

E.  J.  Schneider,  anal. 
U.  S.  geol.  sur.  20th  rep't-,  pt  6  cont'd,  p.   412; 

Strong  &  Dunham,  anal. 
Mich.  geol.  sur.  7,  pt  2,  p.  214 


1 1 
ik 

1 1 
t  k 
» i 
t  k 
kk 
k  k 
kk 
kk 
k* 


pt  1,  p.  76;  O.  A.  Kirschmeier,  anal. 


kk 


k  k 


k  k 


kk 


k  k 


kk 


t% 


K.  J.  Sundstrom,  anal. 
kk  kk 


p.  87 

p.  96;  K.  J.  Sundstrom,  anal 


kk 


kk 


p.  92 


ii 


kk 


k  k 


U.  S.  geol.  sur.  20th  rep't,  pt  6   cont'd,  p.  412 
kt  »«  tk 


O.  P.  Merrill,  Stones,  for  bid'gand  decoration,  p.  467 

kk 


kk 

^^ 

kk 
(k 
k  k 
*i 
n 
k  k 
kk 
k  k 

n 
k  k 
kk 


LOCATION  AND  REMARKS 


R.  Collins  quarry 


Petoskey  lime  co. 
kk 

H.  O.  Rose  quarry 

B.  E.  Bulloclc  quarry 
k  k 

kk 

k  k 

k  I 

k  k 

H.  McCarthy  quarry 

Monroe  stone  co. 
k  k 

k  I 


Sibley  quarry  co. 
k  k 

Hoolce's  quarry 
Mill  CO.  quarry 


Sweeney's  quarry 
Foley  &  Herbert  quarry 
Weelces  &  Hoschert  quarry 
Eastmans  quarry 

Breckenridge  Bros,  quarry 
A  Raus'B  quarry 

Hersey  &  Co.  quarry 


L  =  Analysis  burned  lime 


■    YOHK    STATE    MUSKL'M 


>llHl>llppl 

r    cbiukoMW  ... 
BUmootI 


Kgwlon. . , 


,    annQlnllake... 

..  DgiHliainiuiiilMllftketl 


,   AEhQroTe... 

..  apriDsReld.,. 

,   JopUn 

nnibal 

..  GrnDd  Faltt,. 
.,  ttiuiailnl  .... 


N.  of  Rut  Oallatlii  . . 

p.  of  .Vorth  Pouider    . 

I,  of  En»t  GaltatlD  .. 

r.  '}t  Eoat  OallatlD  ,. 
river 
Veat    side    Bridger  .. 

N.  of  GallatiD  r 


1 

ll 

X 

H.T 

KoO  M 
lO.Me 

.» 

4 

:« 

I!! 

n.i8 

BB.TT 

..... 

a.8a 

.« 

<3.8I 

t.» 

U.M 

l.M 

a.BG 

.IS 
.7 
.96 

.U 

1.T8 

33. E 



33.06 

9.98 

5M 

M.74 

IIB.S4 

47.1S 

.BS 

IflTl 

8B.11 

org.    tr. 

.u 

naaa 

lfl.» 

36. S 

It.l 

4S 

7.3 
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THE  UNITED  STATES  (continuedt 


No. 
425 

427 

428 
429 
430 
431 
432 
483 
434 
435 
436 
437 
488 
489 
440 

441 
442 
443 
444 
445 
446 
447 
448 
449 

450 
451 
452 

453 

454 
456 

458 


UISCSL- 
LANKOUS 


FeO 
FeO 


K2O 
Ikd. 
NaaO 


8.85 
.Si 

4  77 


.248 
2.84 
.821 


Alkalis      1.94 


MnO 

FoO 

MnO 

FeO 

^nO 

F*»0 

MnO 

FeO 


trace 
.05 

trace 
.07 
.03 
.05 

trace 


RSFSRENCB  AND  ANALYST 


U.  S.  geol.  sur.  Bui.  148,  p  265 


44 


t  4 


T.  M.  Chatard,  anal. 


Ark.  geol.  sur.  1888,  p.  287 '*  Rotten  Limestone  " 


OWNER 
LOCATION  AND  RKUABXB 


Min    res.  1889-90,  p.  407;  C.  W.  EoflP,  anal 

'  *        W.  D.  Church,  anal 


U.  8.  geol.  sur.  20th  rep't,  pt  6  cont'd,  p.  415;  Marble  Head  lime  co. 

R.  Chauveoet  &  Bro.  anal 
U.  8.  geol.  sur.  20th  rep't,  pt  6  cont'd,  p.  4!5 


..••••••a 


..••  •••».••« 


4  4 

4  4 
4  4 
4  4 
44 
4  4 
4  4 


Bul.  168,  p.  263;  L.  G.  Eakins,  anal. 

20th  rep't,  pt  6  cont'd,  p.  415 

Bul.  168,  p.  263;  L.  Q  Eakins,  anal.. 


44 

44 

4  4 


4  4 


44 


4  4 


4  4 
44 
4  4 


20th  rep't,  pt  6  cont'd,  p.  415. 
44         44  44 


Min.  res.  1839-90,  p.  407. 


U.  8.  geol.  sur  20th  rep't,  pt  6  cont'd,  p.  416 

B  ul.  16^  p.  269;  C.  Catlett,  anal  . . . 


4  4 


P2O5 

FeO 
MnO 
P2O5 

P2O6 


.07 


.61 
.5 

.24 


•••••••••••••••• 


44 
4  4 
4  4 
4  4 
4  4 
4  4 

4  4 


4 1 


4  4 


4  4 


4  4 


4  4 


4  4 


4  4 


4  4 


4  4 


4  4 


1 4 


4  4 


4  4 


Hannibal  lime  co. 

Cherokee  limestone 
4  4 

» 4 

1 4 

Star  lime  co. 

Qlencoe  lime  and  cement  co. 

Ptf  rsell  limestone  co. 


Base  of  Carboniferous 
Middle  Carboniferous 
Upper  Carboniferous 


44 


p.  276;  E.  A.  Schneider, 

anal. 
U.  8.  geol.  sur.  Bul.  168,  p.  278;  W.  F.  HiUebrand, 

anal.  l 

U.  S.  geol.  sur.  Bul.  168,  p.  276;  W.  F.  Hlllebrand,|Summlt 

anal. 


Base  of  Hamburg  IKnestone 


4  4 


U.  8.  geol.  sur.  Bul.  1C8,  p.  276;  W.  F.  HiUebrand,  Pogonip  limestone  (Silurian; 
anal. 


N.  J.  geol.  sur.  1900,  p.  88  . 

1868,  p.  893 
44  44         44 


Gano's  quarry 

W.  Vanderbilt  farm 

Light  gray,  8.  H.  Leigh  quarry 


L  =  Analyiii  burned  lime 


HEW    YOKK    STATE 


AKALVSES  UF  I.IMRSTOJIE9  O 


Hi<lillato«rD' . 


UoDtvUle 

Hat^aplu 

HJUdle  Forge 

MUtom 

tliuiiiliiKton      towr 
ede'sBHclge.... 


OranclirllLe  . 


61S,1 

e_ 

9.8 

1 

bii.e 

«.» 

«.B 



619,95 

T.as 



44.BS 

S.9 



6SO.S3 

4.9a 



621.71 

i.9e 



61BE 

SI.47 

».8 

filon 

bM 

BI.S 

s 



i.a 



«.» 

Id  19 

MS,£1 

er.65 

1B.« 

fc]6.S* 
blB.eB 

4S.S 

M.T 

l.H 

bSHKI 

45. e 

1.1 

1 

t30,3 

4G.5 

a; 

M.81 

T 

618,3 

44.1 

i.i 

bias 

43.2 

i.fl 

61B.6 

42. B 

■ 

43.S9 

.8S 

traoe 

41.18 

O.T 

tntce 

41.1» 

B.I 

U.B8 

38.S 

.9 

1.8 

bl 

s.es 

6.81 

WBT 

6.81 

4S.7a 

x.u 

61. SS 

439' 

13 

. 

AualyiM  tao,  401,  4ee  and  471  should  baTe 


m  placed  under  Sunex  ■ 
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No. 

457 
458 
459 
460 
461 
462 
468 
464 
465 
466 
467 
468 
460 
470 
471 
472 
478 
474 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 
485 
486 
487 
488 
499 
490 
491 
492 


XISCKI/- 
LANKOUS 


RKFERENOE   AND  ANALYST 


N.  J.  geol.  8ur.  1868,  p.  893 , 

i  4  t  I 


Phos. 


498 
aCaO 


.085 


1900,  p  88 


OWNER 
LOCATION  AND  REMARKS 


Average  from  Leigh's  quarry 
J.  Mulligan  &  Bro.  quarry 


» t 


1868,  p.  893 
1900,  p.  60 


4  i 


1878,  p.  105 


t  4 


4  4 


44 


U.  8.  geol.  sur.  20th  rep't,  pt  6  cont'd,  p.  420; 

H.  Weaver,  anal. 
N.  J.  geol.  sur  1900,  p.  58 


1878, 

p. 

104 

1868, 

p. 

402 

4  ( 

P- 

401 

4  i 

p. 

893 

i  4 

4  4 

I  4 

P- 

893 

t  4 

P. 

441 

0*Donnell  &     McHiannimaD 

irry 

nnell  &     McManniman 

irry 

nnell  &     McManniman 

my 
Calcareous  c  ^nglomerate 

Trenton  limestone 


quarry 
O'Donnell 

quarry 
O'bonnel 

quarry 

iau 


4  4 


J. Warner  quarry.    Blue  mag- 

neslan  limestone 
J.  Warner  quarry.  Bluemag- 

nesian  limestone 
J.  Warner  quarry.  Blue  mag- 

nesian  limestone 
J.  Warner  quarry.  Blue  mag- 

nesian  limestone 
E.  Weise  estate 

Trenton  limestone 


4  t 


**    p.  892 


4  4 


4  4 


4  4 


4  4 


4  k 


4  4 


4  4 


p.  408 


4  4 


4  4 

p. 

479 

1900 

.P 

70 

4  4 

4  4 

4  4 

71 

4  4 

70 

1868 

.P 

898 

4  4 

p. 

899 

Crystalline  limestone.    Saun- 
ders quarry 
Serpentine  limestone 

Turkey    mountain,    Boonton 

iron  CO. 
Average,  R.  Gould  quarry 


D.  CiHCO  quarry 

Yellow  limestone 

Limesand.    Pit  of  J.  Fowler 

Drab     stone.      H      Hilliard 

quarry 
Best  of  M.  Craig  quarry^ 

Average  selected  sample 


White  limestone,  hill  north  of 

Andover,  Boonton  iron  co. 
White  limestone,  hill  north  of 

Andover.  Boonton  iron  co. 
White  limestone,  hill  north  of 

Andover,  Bo  nton  iron  co. 
Shell  marl,  J.  J.  Decker's,  1  m. 

s.  w.  of  Andover 
Webster  Kemick's  farm 

4  4 

J.  B.  Hardens 

F.  Kemble's  farm 

Fossiliferous.  ^  m.  n.  e.  of 

Branchvill* 
Firestone     Xearpass  quarry 


6MgO 


L  =  Analysis  burned  lime 


HXV  TORE  tTATT. 


ANALXSKS  or  LIHKSTOIfES  OF 


, .  New  G«rniBiitown  . . 
.    NearPMt«Dljurg.,., 


..  HldUlalowD' 

.,  UaiidhkiD,  1  m.  e. 

..  KontTlUs 

..  Ulddl^Karge 

iCHilford 

.,  MantjlDKlOD      to< 
e-a  BrlilKe  . . 


f 

i 

8 

I 

s 

a«.4 

MM 

u 

g.8 

amx 

bu.e 

44. S 

4.B 

ii»a 

M9.in 

T.« 

a».Sl 

«o.» 

44.81 

G.B 

rim.<l« 

isaeo 

«.n 

<rl».Ill 

Mt.n 

l.SS 

..,,, 

bias 

S1.S 

».a 

ftl« 

aU.M 

b.W 

«.4T 

..:... 

aia.n 

b.W 

M.t 

* 

aX&TS 

1.S 

...... 

aiil.l 

ftl.IB 

I0« 

oU.H 

M0.1t 

er.M 

ie.< 

ax.n 

610.81 

tig.«i 

4a.e 

4.S 

» 

asvn 

tacs 

4S,(I 

i.t 

1 

oK.H 

M(l.l 

4a 

4 

aW.a 

was 

40.6 

8.7 

69.GI 

il.81 

.M 

84,78 

t.I.4 

41.1 

e 

.r 

080,3 

II1II.S 

44.1 

4.1 

aai-fl 

M8.S 

46.S 

i.a 

afl2.4 

M(kB 

U.S 

■ 

aK-lS 

48.81 

.Ba 

aSSAt 

trace 

41.19 

B.7 

oGSLU 

t»c« 

41.tfi 

B.» 

<i49 

U.BS 

88.G 

.0 

IS 

OH 

M 

S.M 

oM.OT 

6.81 

14  B7 

afia.OI 

b.Sl 

tl.Tl 

f.M 

a*!.8 

61. M 

IS 

a4HS 

M.t 

4S.fl 

1  « 

, 

AualyBM  460,  4A1, 401  and  471  ibould  have  b«eD  placed  under  Si 


LIME    AND    CEMENT    INDUSTRIES 


927 


THE  UNITED  STATES  (continued) 


No. 

457 
458 
459 
460 
461 
462 
468 
464 
465 
466 
467 
468 
469 
470 
471 
472 
478 
474 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 
485 
486 
487 
488 
499 
490 
491 
492 


MI8CKI/- 
LANBOUS 


•  ••••••■•••#••< 


RKFERENOR   AMD  ANALYST 


Fhos. 


498 
aCaO 


.085 


N.  J.  geo 


8ur.  1868,  p.  393. 


1 1 


I » 


1900,  p  38 


OWNER 
LOCATIO.N  AND  REMARKS 


Average  from  Leigh's  quarry 
J.  Mulligan  &  Bro.  quarry 


4  I 


i  t 


t  » 


1868,  p.  898 

1900,  p.  60 
it  » t 

1878,  p.  105 


1 1 


t  4 


U.  S.  geol.  8ur.  20th  rep't,  pt  6  cont'd,  p.  420; 

H.  weaver,  anal. 
N.  J.  geol.  sur  1900,  p.  58 , 


1878, 

p.  104 

1868, 

p.  402 

1 1 

p.  401 

i  t 

p.  898 

» i 

4  4 

I » 

p.  893 

» 1 

p.  441 

1 1 

44 

i  t 

p.  392 

i  t 

4  4 

4  4 


I  » 


4  4 


4  i 


4  4 


4  4 


p.  403 


4  4 


4  4 


4  4 

P- 

479 

1900 

.P 

70 

4  4 

4  « 

4  4 

71 

4  I 

70 

1868 

.P 

898 

4  4 

p. 

399 

0*DonnelI  &     McliannfmaD 
irry 

nnell  &     McManniman 
irry 

onnell  &     McManniman 
larry 
Calcareous  c  ^nglomerate 

Trenton  limestone 


quarry 
O'Donnell 

quarry 
O'Donnel 

quarry 

!alc 


4  4 


J.  Warner  quarry .    Blue  mag- 

neslan  limestone 
J.  Warner  quarry.  Bluemag- 

nesian  limestone 
J.  Warner  quarry.  Bluemag- 

nesian  limestone 
J.  Warner  quarry.  Blue  mag- 

nesian  limestone 
E.  Weise  estate 

Trenton  limestone 

Crystalline  limestone.    Saun- 
ders quarry 
Serpentine  limestone 

Turkey    mountain,    Boonton 

iron  CO. 
Average,  R.  Qould  quarry 


D.  Citico  quarry 

Yellow  limestone 

Limesnnd.    Pit  of  J.  Fowler 

Drab     stone.      H.     Billiard 

quarry 
Best  of  M.  Craig  quarry 

Average  selected  sample 


White  limestone,  hill  north  of 

Andover,  Boonton  iron  co. 
White  limestone,  hill  north  of 

Andover.  Boonton  iron  co. 
White  limestone,  hill  north  of 

Andover,  Bo  nton  iron  co. 
Shell  marl,  J.  J.  Decker's,  1  m. 

s.  w.  of  Andover 
Webster  Kemick's  farm 

4  4 

J.  B.  Hardens 

F.  Kemble's  farm 

Fossiliferous.  ^  m.  n.  e.  of 

Branchvilltt 
Firestone      Xearpass  quarry 


6MgO 


L  =  Analysis  burned  lime 


WJ 


AJ(A(.Y«»8  or  UMESTOKES  or 


3   SI. OS 

.41.GS 
.  10.9 


..  Chandler's  triuxl  .. 
.,  IllDgtunns  I'orrr.... 
.,  Dmke'a  piHiil,  DUtr  .. 

..  FrnnklU 

..  HAmburit 

..  IlkntystciDvllb)  ., 

,.  Hooiburit 

..  BimtvHlll. 

..  lUtTa  poad  


,,  K.Df  UfkysttB... 

r.  J.  bank.  MllCard    , 


enn.TU 


M.TS   4 


9.9        .a 

»    W^^ 


h's 


<  Bee  also  analym  «KM«, «»  ud  4n. 
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THE  UNITED  STATES  iamiinued) 


No. 

494 
495 
496 
497 
498 
499 
500 
&01 
602 
608 
601 
606 
606 
607 
608 
609 
610 
611 
612 
618 
614 
615 
616 
617 
618 
619 
620 
521 
622 
528 
624 
625 
526 
687 
528 
529 


UISCBL- 
LANB0U8 


RBFARS>'CB  AND  ANALYST 


KaO 


1.84 
.25 


J.  geol.  8ur.  1868,  p.  899 


Alkalis        .5 


580 
oCaO 


4  4 


4  I 


4  4 


4  4 


1877,  p.   24. 
1868,  p.  895. 
*'    p.  460 
1900,  p.    78 
1871,  p.   41. 
1678,  p.  108. 
1868.  p.  404 
18  3    p.  108 
IsTT,  p.    24 
1900,  p.   79 

i  4  >  i 

1868,  p.  402. 

1900,  p.    74. 
*'     p.    76 
''     p.    74. 

18'8,  p.  399 

18  7,  p.   24. 

1900,  p.   73 

It  4  4 

1868,  p.  899. 
*»    p.  479. 

4  4  4,4 

It  4  4 

4  4  4  4 


OWNER 
LOCATION  AND  RIMARKS 


p.  895 


Blue     limestone.       Nearpa^s 

quarry 
Cement      layer.       Nearpass 

quarry 
Quarry      stone.        Nearpass 

quarry 
Best  stone.    Nearpass  quarry 

F.  Lay  ton's  farm 


Travertine 

J.  Ayres'farm 

White  crystalline  limestone 

Quarry  of  R.  Howell 

a.  W.  Rude.  White  limestone 

R.  Howell's  farm 

D.  M.  Howell.    Marl 

Trenton  limestone 

44 

White  limestone.    East  side 

of  mountain 
Z.  Simmons'  farm 

Trenton  limestone 

J.  C.  Demorest 

Corniferous 

Marl.    White  Pond 

Trenton  limestone 


Lower  Helderberg.    J  Cole's 

farm 
jSurface.      I.   Bonnell   farm. 

Chamber's  Mill  brook 
ISame  10  ft  below  surface 

Dark  gray  marl.    8  ft  below 

surface.    J.  Cole 
Marl.  L  Van  Etten,  4  ft  below 

surface 
Moore  &  Cutler  quarry 


t  4 


t  t 


4  4 


4  t 


*'     p.  898. 
1877,  p.    24. 


6MgO 


L  = 


1900,  p.   83..., 

''     p.    80  ... 

"     p.    76  .., 
Analysis  burned  lime 


W.  T.  Babbitt's  farm 
M .  Drake's  farm.    Marl 


O'Donnell    &     McManniman 
Liarrj' 
ittingham  estate 


quarrj' 
WhI 


<* 


KEW    YORK    BTATE    MITSEUU 

AMALYtitKa  OF  K.IMSSTOKrS  OF 


Wo, 

"iSiT' 

„.. 

i 

1 

1 

i 

» 

8 

s 

1 

N.  Jeneyte'dl 

l.W 
2.W 
l,OD 
l.U 
1.41 
8.S 

nM.4« 

a£>n8 
BiT.tS 
a».88 
ii48l« 
a4li<ie 

cia-i.si 

061.0(1 
oM.»0 
oM.r 

ma.a 

>i!M.Bl> 

061.07 
oS0,4 

M.U 

a44,85 

aSa 

aV»A 

B3o,a 

aSI.BS 
aEB.01 
1130.4 
n.W.(H 

dSS-M 
olS.TS 

blL.ffl 

b    .M 
81,07 

W0.07 

6    .14 

blB.O» 

bi 

bl.OB 

bS.T* 
bS.M 

bS.lH 

b    .8 

bia.4 

blB.5 
bl7.7 
b«.M 

biT.a 

bl.OS 

bl.OB 



48  « 
S(4( 

4t.ae 

48  44 

40  41 
43 

48.08 
87.88 

M.re 

44.B 

44.08 

88 

48.B 

«.. 

:: 

S.4S 
M.W 
n.8B 

S.S 

W> 

rffli 

.6 

.89 

O  cltnlbii 

unt 

Peter*  •■ller 

mw 

. 

g.G 

J 

., 

.S 

1,1» 
.1 

,S     ^^      .8 
.0 

1.1 

S.t             .B 

.7             .6 

.4          .a 

.8             .SI 

S.D 
1.4 

e.a 

T.88 

i.e 

n.i 

n.m 

.a 

.» 
is.s 

10.8 

4 

11.9 
S.8 

».a 

8.B 


nit 

,     d»l 

,. 

ntr 

Ma 

filillwler 

HS 

Buseei  lead  mine.., 
Vernon  tow  nail  Ip   .. 

VHraon  township... 

rn 

ro 

in 

WaotaKutownalilp,. 
West  Vernon 

im 

.8 

rmn 

J 

rni 

■in 

ten 

e63 

A«bupy  

1.8B 
S.OS 

r(ir 

MT 
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THB  UNITED  STATES  Cooniinued) 


No. 


MI80RL- 
LAMBOUS 


>•••••••••«•< 


RIFERKNCB  AND  ANALYST 


531 
532 

533 

584 

585 

686 

637 

538 

530 

640 

541 

542 

548 

544 

545 

546 

547 

548 

549 

560 

551 

562 

668 

564 

o55 

556 

567 

568 

560 

560 

561 

662 

568 

664 

665 

566 

667  I 

L  =  Analysis  burned  lime 


N.  J.  geol.  Bur.  1000,  p.  76. 


4  I 


t  I 


it 


p.  56 
p.  81. 


t  i 


(5eol.  of  N.  J.  1868,  p.  404. 

•'  p.  309. 


»( 


•••••••••i 


Alkalis        .4 


i««-   ••••••••• 


Alkalis      1.5 
PaOs  .2 


Alkalis 
Alkalis 


.5 
.16 


» » 


1 1 


i  t 


* '     p.  470 

**     p.  402. 

*'     p.  408. 

**  p.  394. 
N.  J.  geol.  sur.  1871,  p.  44. 
Geol.  of  N.  J.  1868,  p.  808. 
N.  J.  geol.  sur.  1000,  p.   82. 

»'    p.    83. 

Oeol.  of  N.  J.  1868,  p.  893. 
t  i  it         it 

N.  J.  geol.  sur.  1900,  p.   66 . 
Geol.  of  N.  J.  1868,  p.  403. 

p.  395. 


Alkalis 


1 1 
it 

1 1 


.1 
.8 
.8 
.8 
.2 


>••••••••■••*•»( 


Alkalis       .21 


•  ••••••••  •••••• 


1 1 
i  i 
1 1 
1 1 
i  t 
t  i 

I  i 
i  i 
i  I 

I I 


p.  402 

p.  4V4 .•••••••>■ t»t»»ttttt»t»»tt 


i  i 


p.  808 
p.  809. 
p.  896. 


i  i 


I  i 


1 1 


it 


OWNER 
LOCATION  AND  REMARKS 


N.  J.  geol.  sur.  1871,  p.   44. 
Geol.  of  N.J.  1868,  p.  401. 

'*    p.  894 
N.  J.  geol.  sur.  1900,  p.   95. 


it 


it 


i  t 


i  i 


1 1 


i  i 


1 1 


i  i 


Trenton  limestone 


^  mile  8.  w.  Myrtle  Grove 

North  of  Huntsburg  school- 
house 

North  of  Huntsburg  school- 
house 

Tunnel  n.  e.  of  Sterling  Hill 

J.  Schooley  farm 

Tufa.    B.  P.  Van  Syckle  farm 

O.  Himenoyer  farm 

Crystalline   limestone,   J.  B. 

Titman  farm 
Blue  limestone,  J.  B.  Titman 

farm 
Crystalline  limestone,   J.    B. 

Titman  farm 
D.  Farrell  farm 

J.  Wolf  farm 

J.  Farrell  farm 

W.  A.  Mains  quarry 

A.  T.  Mains  quarry 

%  mile  west  of  railroad 

Crystalline  limestone 

^  mile  n.  w.  of  W.  Richey 

house 
Musconetcong  iron  co.  quarry 

P.  J.  Brown  quarry 

,       it 

R.  StoU  farm 

C.  Decker  farm 

300  yds.  from  D.  Perry  house 

^  mile  n.  w.  of  S.  Vanderhoof 

300  yd.  west  of  W.  Dewitt 

Near  house  of  E.  Lewis 
1 1 

Crystalline  limestone 
1 1 

M.  Fox  quarry,  see  p.  083 

Series  of  analvses  made  from 
samples  taken  chiefly  on 
Morris  &  Earye  farms  near 
Belvidere.  Analyses  are  all 
of  the  Trenton  beds,  which 
in  this  area  furnish  Portland 
cement  rock 


ITSW  YOBK   STATB  inFSeiW 

ANALvses  or  limkstones  of 


o-  r 


i  as. 44   . 

a   3V.S3 


a4a,S 

;  041.  Id 
r  aSM.ng  t 


, .  «2.9B 


63. ai   33.1 

.1  60  129,98    . 
bS.SI  ,1 


<iia.3W|    . 
oM.7a!  61.* 


LIME    AND    CEMENT   INDDSTKIES 
THE  UKITED  BTATlsS  (eontlnvtd) 


,    S.  J.  geol.  BUr.  1*00,  p.  W 


chief! ;  on 
Horria  A  Earye  rariTis  near 
aclvIderF.  ADnlTHeiareiill 
il  the  Trmton  beds,  which 


5M    UodeC.       S.se 


p.  308... 

.  IDOD,  p.  fi3 . , 

p  M.. 


..  Oeol.  of  N.  J.  11 


PonllKerouB  litneBtoae 
..  TrenUm  limestODS 
iFoperty 
Wafrnerquarry.ODe  mile  fro 


,.  a«ol.  ofN.  J.  18W,p.  39B.., 


004   OTE.uidwBtfr  •• 

L  =  AnalTili  buraod  lime 


o  llmeatom 
t  outcrop  east    of    Van 


_Klrk'aUvei 


REW    YORK    STATE    UCSEDM 

AMALT8ES  OF  LIMKBTONKS  OP 


S,Jattvi(a'd) 


,.  Lincoln 

,,  Uitrkaliaro 

■lew  llampCoD , . . 


..  PUIIIiiwburs  .. 


, .  SprlMctowD  . . . . 

,.  gtBWsrtadlla,. 


..BwajM'm  Hllb  „ 
..  SODth  G 


,iB      e 

.oe      t 

.Ij         B 

.SS         S 

.es      1 

.«      1 

.oa      I 

.!«         s 

.n      B 

4  »>.se  , 


atB.Tl 
OU.M 


n.TB  . 


LIME    AND    CEMENT 
THE  VMITKD  STATES  (conllnuAf) 


H.J.geol.  »iir.  1000,  p.  6S... 


a  Ors.and  t>at*r 


..  OeoLofN,  J,1888,p.SM.,., 

■'     p.^ioa..., 

,.  N,  J.  K»l.  iiir.  IRT0.  p.rm... 

Seol.  o(  N,  J.  18S8,  p.  SM  .. 

«.  J.  neol,  Bur.  looo,  i 


3eoJ.  ot  K.  3.  ISea,  p.  W 
:<.  J.  eeol.  nir.  Itm,  p.4fi.. 


^Balhervd  saudy  LimeBIo 

tire  limostone,  «nmt>  led) 
precedlaa 
Sink  pond.    Marl 

White  pond.    Mnrl 

J.  Riddle  quarry 

P.  Rniib  aunrry.    WhUo  i 

Blue  llmeBtone 

CTwinlnR^B  quarry 

Trentoa  limestone 


quBiry  of  Edison  P 
ol  ataffArtsVllle 


Trenton  llmeitone 

r    Iblrd    of    OHilaiwn 


New  York  (c'd] 
Albanj- 

Ollnlon 

CoturaMft..... 

Dutches!. 

Erie 

Horkliudr..  .. 

Lewi. 

Niagara   

Onoldo. 


YORK    BTATE    MU(*F.[rM 

AKA(.T«KI(  OF  I.IMKSTOMI  9  OS 


U 


V'llliniiUTlllc. 

CatskllL 

.Llllle  Falls 


iDchaniUIII*... 
Levd«D..— 


RocfhBBtei 


Klstmra  FalU... 

Proapect  

Senr  Clinton.... 


.47  lall?.in 


X.U  i 

fcia.s  .to.n 
MOSS   


I. II    loU.I 

DM.8T 

.T7      4;  MI  I  »M  ' 


:    fti.ia  <i  a    . 
.    tnd   


n.aa     i.m 
,n  I  Mil  '  i.n 


'   IB.  19    . 
'  3319    . 


!a4a.O!  I  01.81  40.19  ' . 

i][>!.53  b.et  4S.CS  ,. 

..'oSG.lB  j  W.»i  37. S3  ;. 

'aSO.K  I  M  10  49    . 

ja5(i.4T  '  b.W  40. ST    . 

'oM.M  '  fc.Sl  4SS3    . 


aCoO  6MitO 
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THE  UNITED  STATES  (continued) 


No. 

641 
84f 

648 

644 

645 

646 

647 

648 

649 

6S0 

651 

668 

668 

664 

666 

6fi6 

6S7 

658 

660 

(60 

661 

662 

668 

664 

666 

666 

667 

668 

660 

670 

671 

672 

678 

074 

675 

676 

677 


MISOBLr 
LANKOU8 


RKFSRBNCB  AND  ANALYST 


•I 


Alkalis 
S 


.68 
101 


•  •  •  •  •  •  • 


••••«•••) 


••••••••••   •••! 


••••••••••••   ••■ 


8 


.21 


•••••••••••••••i 


!••••••     •••. 


N   Y.  state  Reol.  rep't  1807,  p.  480 

'•     p.  481 

**     p.4S8;D.H.NewIaDd. 


4  k 


anal. 
N.  Y.  state  geol.  rep't  1807,  p.  488. 


anal. 


'*     p.481;  T.  Eggleston, 
N.  Y.  state  geol.  rep't  1897,  p.  481 , 

it  4  i  ( t 


»  t 


*  i 


t  4 


^  *■  p.  486:  H.  Carlson,  anal 
' '  p.  487;  J.F.  Kemp,  anal. 


OWNKR 
LOCATION  AND  RBMABKR 


Middle     third    of    CallanaD 

quarry 
Upper     third     of     Callanan 

quarry 
Chaxy  limestone 


Jones  quarry 


<  4 


4  4 


4  4 


Enfcineering  news.  45:8f5 

N.  Y.  state  geol.  rep*t  1897,  p.  488. 


4  4 


4  4 


4  4 


p.  489. 

4  4 


**    D.    H.  Newland, 
anal. 
N.  Y.  state  geol.  rep't  1897,  p.  440 

»»        **    D.    H.  Newland, 
anal. 
N.  Y.  state  geol.  rep't  1897,  p.  441 


44 


4  4 


•*  **    p.  442;  D.  H.  Newland, 

anal. 
N.  Y.  state  geol.  rep't  1897,  p.  442;  D.  H.  Newland, 

anal. 
N.  Y.  state  geol.  rep't  1897,  p.  448;  Sherrerd,  anal. 


4  4 


4  4 


4  4 


anal. 


8 
8 
SOs 


.8 
.21 
.14 


p.  444 

p.  445;  D.  H.  Newland, 
N.  Y.  state  geol.  rep't  1697,  p.  445;  H.  Ries,  anal... 

*'      p.  446;    J.    D.    Irving, 

anal. 
N.  Y.  state  geol.  rep't  1897,  p.  440;  A.  H.  Chester, 

anal. 
N.  Y.  state  geol.  rep't  1897,  p.  446;   %.  H.  CI  ester, 

anal. 
N.  Y.  state  geol.  rep't  1897,  p.  446;  A.  H.  Chester 

anal. 
N.  Y.  state  geol.  rep't  1897,  p.  446;  A.  H.  Chester, 

anal. 
N.  Y.  state  geol.  rep't  1897,  p.  446;  A.  H.  Chester, 

anal. 
N.  Y.  state  geol.  rep't  1897,  p.  446;  A.  H.  Chester. 

anal. 


8outIi      Dover     oaarble     co. 

quarry 
Fogelsonger  &  Young  quarry 

Partial  analysis 

Holdredge's  quarry 

Catsklll  cement  co.  quarry 

Ten^aculite  limestone 

Birdseye,      Butler      quarry, 

lower  massive  layer 
Birdseye,  average  of  quarry 

Trenton  limestone.   P.  Snyder 

farm 
Christy  quarry 

Roberts  quarry 

J.  Wate  s  quarry 

Rochester  lime  co.  quarry 

Snow  quarry 

Copeland  quarry 

D.  C.  Hewitt  quarry,  upper 
layer 

D.  C.  Hewitt  quarry,  inter- 
mediate 

D.  C.  Hewiit  quarry,  lower 

D.  C.  Hewitt  quarry 
G.  Ross  quarry 
Quari  y  2  miles  e.  of  town 
W  Messing  quarry 
Trenton  liirestone 


L  =  AnAlysla  burned  lime 

60 


VOKK    STATE    MUSEUM 

AKALVSI 


V  LIMSBTOSBS  OT 


■me-tt 

1 

RiMklftriil    .. 
RensseliMi'.  . 

St  lAwrenon 

Bctiohula..... 

UlBtor 

Warren 

WublDinoD. 


ortakimy  F«ll« 

6.M 

G.M 

B.m 

Split  Rock 

K-ewbut 

Tomki™ao.B 

i.i 

17.  ES 

from  Oanton . . 

OonvernBur 

Howe  Oaie 

CublesklU 


GleuH  Falls... 


PlenmntTlUe,.. 


___  1 

42.8      



I.OB 

^ 

i  ,. 

1 

M 

U.M  '          1.04 
B.18 

oCaO  bUirO 


LIME    AND    CEMENT    INDUSTEIES 


939 


THE  UNITEI)  STATES  Ccontinued) 


No. 


678 
6TO 
680 
681 
682 
683 
6^ 
685 
e86 
687 

ess 

6S9 

690 

691 

692 

693 

694 

6 '5 

696 

697 

698 

699 

700 

701 

702 

703 

704 

705 

706 

707 

708 

709 

710 

711 
712 
713 


MISOBL- 
LANSOUS 


8 
8 

S 
SO3 


.18 
.12 
.07 
.73 


ia»»*««   ••••••) 


•  •••••••••••t«a< 


REFERENCE  AND  ANALYST 


N  T.  State  geol.  rep't  1897,  p.  446  ;  Al.  H.  Chester, 

anal. 
N.  Y.  state  geol.  rep't  1897»p.  446 


anal. 


1 1 


1 4 


11 


p.  449;  Englehardt, 


OWNER 
LOCATION  AND  REMARKS 


N.  Y.  state  geol.  rep't  1897.  p.  449. 


» 1 


i  i 


I  i 


t  i 


t  i 


'*                           '*       p.  461;  J.   D.   Irving, 
anal. 
N.  Y.  state  geol.  rep't  1897,  p.  450 


1 4 


1 1 


p   452 
p.  453 


1 1 


1 1 


•  t 


I  i 


SOs 


.3 


p.  454 

**      Prof.  Priestly, 

anal. 
N  Y.  state  geol.  rep't  1897,  p.  454 ;  Prof.  Priestly, 

anal. 
N.  Y.  state  geol.  rep't  1597,  p.  455;  J.  D.   Irving, 

anal. 
Eng.  News,  45,  p.  365 ;  C.  A.  Schaeffer,  anal 


E.  B.  Alvord  &  Co. 

Brown  cement  co.  Cement 

Upper  cement  layer.     Alvord 

quarry 
Lower  cement  layer.     Alvord 


quarry 
oil 


N.  Y.  state  geol.  rep't  1897,  p.  457 


t  ( 


k  i 


1 1 


( i 


» t 


i  1 


i » 


I  i 


p.  459. 
p.  460. 
p.  461. 


» i 


PaOa 


.027 


.«••••••••.••••• 


'•••••••••.•••I 


I »  11 

anal. 
N.  Y.  state  geol.  rep't  1897,  p.  468 


p.  466 ;   J.    D.    Irving, 


1 1 
i  1 
1 1 


i  t 


1  i 


t » 


(t 


It 


1 1 


It 


1 1 


p.  466. 
p.  465. 


U.  S.  g«ol.  gur.  Bui.  148,  p.  261;  F.  W.  Clarke  and  R. 

B.  Riggs,  anal. 
U.  S.  geol.  sur.  Bui.  148,  p.  262;  C  Catlett,  anal. . . . 


1 1 


1 1 


Solvay  process  co.  quarry 
Miller  quarry 

McCaffery  quarry 
Higley,  Monty  &  Co.  quarry 
Upper  stone,  Howard  quarry 
Lower  stone,  Howard  quarry 

Stevens  quarry 

Helderberg  cement  co.  quarry 

Cobleskill  quarry 

Newark  lime   &   cement   co 

quarry 
B.  Turner  quarry 

Top-stone 

Lower  stone 

Keenan  lime  co.  quarry 

Keenan  lime  company 
2  miles  west  of  Peekskill 
Sing  Sing  lime  co.  quarry 

Mark's  quarry 

1 1 

1 1 

Cornell  quarry 
O'Connell  &  Hillery 

Oil  rock 

Gas  rock,  Pauck  well 

Bennett  well 


L  =  Analysis  of  burned  lime 
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THK  UNITED  STAT  I. S  (tontUued) 


No. 


714 
715 
716 
717 
718 
719 
780 
721 
722 
728 
724 
725 
726 
727 
728 
729 
730 
781 
782 
738 
784 
785 
786 
787 
788 
789 
740 
741 
742 
743 
744 
745 
746 
747 
748 

740  I 

I 

750 
L  = 


MISCEL- 
LANEOUS 


•  ••••••  •••■•••• 


'•••  •••••••••••• 


!••••••      ••••••• 


l««»«t»*«*«l 


REFERENCE  AND  ANALYST 


U.  S.  (ceol    sur.  20th  rep't,  pt  0  cont'd,  p.  482; 

E.  Lovejoy,  anal. 
Ohiogeol.  sur.  £k:.  geol  6:728;  N.  W.  Lord, anal... 


1  i 


i  I 


4  k 


6:716 
6:717 


it 


Merrill.   Stones  for  bulldinfi:  and  decoration,  p.  46: 

U.  S.  sreol.  siir.  Bui.  148,  p.  260;  F.  W.  Clarke  and 

R.  B.  Rigf?s.  anal. 
U.  S.jreol.  sur.  Bui.  148,  p.  260;  F.  W.  Clarke  and 

R.  B.  RfKRS,  anal. 
U.  S.  geol.  sur.  Bui.  148.  p.  260;  F.  W.  Clarke  and 

R.  B.  Riggs.  anal. 
U.  S.  geol.  sur.  Bui.  148,  p.  260;  F.  W.  Clarke  and 

R.  B.  Riggs,  anal. 
Ohiogeol.  sur.  5:1109;  N.  W.  Lord, anal 


k  4 


»  » 


»  i 


i  I 


•■•••       ••••• 


:U.  S.  geol.  sur.  Bui.  148,  p.  261;  F.  W.  Clarke,  anal 

:  Ohio  geol.  sur.  Ec.  geol.  6:726;  Wormley,  anal 


i  t 


1 1 


1 1 


I U.  S.  geol.  sur.  20th  rep't,  pt  6  contM,  p.  482 

'*  Bui.  148,  p.  262;  C.  Catlett,  anal... 

**  20th rep't,  pt  6  contM,  p.  482 


i  t 


i » 


1 1 


**  Bui.  148,  p.  262;  C.  Catlett,  anal.... 

lOhio  geol.  sur.  Ec.  geol.  6:720;  N.  W.  Lord,  anal... 

*'  "  6:728 

Merrill.  Stones  for  building  and  decoration,  p.  468. 

JU.  S.  geol.  sur.  Bui.  148,  p.  261 ;  F.  W.  Clarke,  anal. 

I  *»  **  F.  W.  Clarke  and 

I    R.  B.  Riggs,  anal. 
lOhio  geol.  sur.  Ec.  geol.  6:744;  N.  W.  Tjord,  anal. . . 


OWNER 
LOCATION*  AND  REMARKS 


Casparis  stone  co. 

Brown  quarries 

Pettigrew 

O.  H.  Frey  quarry 


U.  S.  geol.  sur.  Bui.  148,  p.  261;  F.  W.  Clarke,  anal. 
Ohio  geol.  sur.  Ec.  geol.  6:780;  Wormley,  anal 


I  4 


(  t 


i  i 


i  ( 


i( 


t  I 


I  I 


I U.  S.  geol.  sur.  Bui.  148,  p.  282;  C.  Catlett,  anal . . . . 

; '  **  '"  p.  261;  F.W.Clarke,  anal. 

I  *'  "  p.  262;  C.  Catlett,  anal.... 


1 1 


1 1 


Pa  .11, 

Analysis  of  burned  lime 


20th  rep't.  pt  6  cont'd,  p.  482. 


White  limestone 

First  limestone  below  white, 

top  stratum 
First  limestone  lielow  white, 

middle  stranim 
Firht  limestone  below  white, 

lower  stratum 
Trenton  limestone 

Northrop  quarry 

Bierly  quarry 

Olemacher  lime  co. 

Trenton  limestone 

T.  J.  Price  &  Co. 

Casparis  stone  co. 

Ervin  quarry 

G.  HaddocJc  quarry 

Trenton  limestone 

Bamd  quarry 
McElree  well 
Rucker  quarry 
Wright  quarry 

i  4 

Pope  quarry 
Trenton  limestone 

Air  Line  June;  depth  1415  ft 

Depth  1594  ft 

Norris    &  Christian  lime    & 
stone  CO. 
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THE  UNITED  STATtS  {continued) 


No. 

MISCBL- 
LANEOU8 

751 
752 

' 

758 

754 
755 

766 
757 
758 

Org.             .78 
Pa  O5         .001 

759 

7(V) 

761 
76S? 

763 

764 

765 

766 
767 

768 
769 
770 
771 
772 
778 
774 
775 
776 
777 
778 
779 
780 
781 
782 
788 
784 
786 


!••      *•••      ••••      ••! 


Org. 


.82 


•••••••••••• 


!«••••      ••••■>•• 


•     •     •      •     •     •     • 


REFERRNCK  AND  ANALYST 


OWNER 
LOCATION  AND  REMARKS 


U.  8.  geol.  eur.  Bui.  148,  p.  261;  F.  W.  Clarke,  anal.  Trenton  limestone 

p.  262;  C.  Catlett,  anal...  Depth  1112  ft 

Well  no.  2,  depth  1065  ft 
Doenze's  well 

p.  261 ;  F.  W.  Clarke  and 

H.  B.  Higgs,  anal. 
U.  S.  geol.  Hur.  20ih  rep't,  pt  6  contM,  p.  432;  J.  D. 

T  Isl^    &iiaI 
U.  S.  geol.  silr.  20th  rep't,  pt  6  cont'd,  p.  432;  Prof.|0.  D.  Brown 

E.  Orton,  anal. 
U.  y.  geol.  sur.  Bui.  148,  p.  261 


J.  W.  Ruhl  quarry 


20th  rep't,  pt  6  cont'd,  p.  482 

Bui.  148,  p.  282;  C.  Catlett,  anal . . . . 
Ohio  geol.  sur.  6:734;  N.  W.  Lord,  anal .   : 


U  S.  geol.  sur  20th  rep't,  pt  6  cont'd,  p.  432;  Prof. 

E  Orton  anal 
U.  S  geol.  sur.  20th  rep't,  pt  6  cont'd,  p.  482;  O.  A 

Kirchnmier,  anal. 
Ohio  geol.  Kur.  5:1109 

»'  6:725;  N.W.  Lord,  anal  

U.  S  geol.  sur.  Bui.  148,  p.  262;  C   Catlett,  anal.... 

Ohio  geol.  sur.  6:787;  N.  W.  Lord,  anal  

U.  S.  geol.  sur.  20th  rep't,  pt  6  cont'd ,  p  482 

Ohio  geol.  sur.  6:739;  N.  W.  Lord,  anal 

U  8.  geol.  SUP.  20th  rep't.  pt  6  cont'd,  p.  432 

Bui.  148,  p.  262;  C.  Catlett,  anal  . . 


20ih    rep't,   pt   6    cont'd,   p.   483: 
O.  Wulte,anal. 
U.  S.  geol.  sur  Bui.  148,  p.  261;  F.  W.  Clarke,  anal. 


Findlay  st.  well,  depth  975  ft 
N.  E.  Gregg  &  Co.  quarry 
Trenton  limestone 

Newman   quarry,  Cap  rock, 

Niagara 
Newman      quarry,      bottom 

rock.  Niagara 
Wyman  &  Gregg,  main  rock, 

Niagara 
Habbeler,  main  rock,  Niagara 

Holt,  main  rock,  Niagara 

J.  Kingham  quarry 

Duncan  &  Bussard  quarry 

D.  Hendricks  quarry 

Dwyer;  upper  stone 

Waggoner  well 

H.  Rancamp  &  Co. 

W.  E.  Marsh  quarry 

Niagara  limestone 

D.  P.  Lloyd  &  Co.  quarry 

Loom  is  &  Nyman  well 

L.  McCollum  &  Co. 
Well  no.  8;  gas  rock 


N  B.Eddy 

Sugar  Ridge  lime  and  stone  co. 


' '  20ih  rep't,  pt  6  cont'd,  p.  432;  Prof.|Snowflake  lime  co. 

E.  Orton,  anal. 
U.  8.  geol  sur.  20th  rep't,  pt  6  cont'd,  p  432;  G.  A 

Kirch ruaier,  anal. 
U  S.  geol.  SU-.  2()th  rep't.  pt  6  cont'd,  p.  482;  Prof 

E.  Orton,  anal. 
U.   S.   geol.   sur.  20th  rep't,  pt  6  cont'd,  p.  482;  Doherty  &  Co. 

H    Blanck,  unal.  j 

U.  S.  geol.  sur.  Bui.  148,  p.  261;  F.  W.  Clarke  and' Air  Line  Junction 

R.  B.  RiggH.  anal  | 

U.  8.  geol  sur  2Uth  rep't,  pt  6  cont'd,  p.  432;  Prof.jM.  Daum  &  Son 

E.  Orton  anal. 
U.  .•*.  geol.  s  r.  Bui.  148,  p.  262;  C.  Catlett,  anal... 
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. . . .  City  well  no.  2 
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Fayetlo   

Oforiwtoivnabip,... 

eiB 

38.81 


11.07 

10.77 

T.M 

1-01 
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THE  UNITED  STATES  (continued) 


No. 

787 
788 
780 
TOO 
791 
7(ffi 
708 
704 
705 
706 
707 
706 
700 
800 
801 
808 
808 

804 

805 
806 

807 
808 
800 
810 
811 
812 
813 
814 
815 
816 
817 
818 
810 

890 
8S1 

6MgO 


LAMEOUS 


Ijcn. 


.10 


•  ••••••••••••< 


<••••••«•       •#•••• 


Ign. 


48.8 


•  •  •  •      •  •  •  I 


•  •  •  •  • 


•  •  •  •  •  I 


FeCOa       8.7 
FeSa  l.ii68 


REFERKNCB  AMD  ANALYST 


U.S.  geol.  8ur.  20th  rep't,  pt  6,  p.  441;  F.  Menger, 

anal. 
U.  8.  geo\.  sur.  20th  rep't,  pt  6,  p.  441;  F.  Menger, 

anal. 
Pa.geoI.  sur.  MH,  p.  208 


p.  Ii07 


U.  S.  Reol.  sur.  20th  rep't,  pt  6  cont'd  p.  441 


1 1 


ft 


1 1 


OWNER 
LOCATION  AND  REMARKS 


W.  H.  Oelbach 

Q.  W.  Musselman 

Pine  Creek  furnace  quarry 

Severn  quarry 

Powers  quarry 


Da  vies,  anal. 
Pa.  geol.  sur.  MM,  p.  801 


i  t 


» t 


(i 


Tygart  quarry 
J.  E.  Thorpp 
**    C.    T.  A.  K.  Stauffer 
Bakers  quarry 


p.  307 


1 1 


p.  806 

U.S.  geol.  sur.  20th  rep't,  pt  6  cont'd,  p.  441 

Pa.  geol.  sur.  MM,  p.  802 


i  I 


p.  806. 
p.  802. 

p.  806. 
1 1 


..•«....«.....< 


Organic      .75 


*  p.802.  

'      p.  806 

*  O,  p.88 

U.  S.  geol.  sur.  20th  rep't,  pt  6  cont'd,  p.  441. 
Pa.  geol.  sur.  MM,  p.  205 . 

''    p.807  


k  I 


U.  8.  geol.  sur.  20th  rep't,  pt  6  cont'd,  p.  441 

*'            Bui.  148,  p.  265;  E.  A.  Schneider, 
anal. 
Pa.  geol.  sur.  MM,  p.  287 


1  4 


t  1 


"     p.  2«0. 
"    p.  <00. 


Keystone   zinc    co.      Siluro* 

Cambrian 
Borie   property,  Slluro-Cam- 

brian 
Mt  Etna  furnace  quarry 

J.  K.  McLanahan  jr 

Manning  quarry 

Loop  quarry 

Rodman  furnace  quarry 
Cresrwell  quarry 

Rodman  furnace  quarry 

Lower  Ilelderberg 

Cambro-Silurian  limestone 

W.  B.  Kline  farm 

Win  field  mineral  co.  quarry 

Johnstown  cement  bed  in  A. 

J.  Hawes  quarry 
Short  I  id  ge  quarry,  upper  bed 

middle  bed 

"  lower  bed 

J.  Copeland  quarry 

Oiiphant  furnace  quarry 


Redstone  limestone;  Lemont 
furnace  quarry 

Lemont  furnace  quarry,  Pitts- 
burg litijestone 


NEW    YORK    BTATE    U1I8EUH 

ANALY8KS  OP  LIMESTOKES  OF 


HcAleilty*  Furt... 

..  nnhrtnlala 

,,  Brondiop 

.   Biilillli 


irSoliUlo.,.. 
I,  Three  Sprtnfr"... 


f 

i 

ra.ur 

l.M 

M-STI 

e 

., 

mm    B 

i>»i.svr 

lani 

t.StJ 

FbCO.   11 

..  £  KeUOi 


11.  s.of  Tod4  pnsl-  ■ 
.  IM  m.  B,  w    of  rivo|.. 


p,  otCliamlitirg- 
□t  Jackson-, 


9.  BlatrivniB.  . 
w.  n,   w,   of    . 


HSt»' 
B3.3S1:'    B.OI 


L  m    e.  orBlocklltki., 
MR  Mod 
..MmB,w.rroiDli 


n.  n  nl  nroton... 
.    RIchlandsUtllHI... 


nS.TOtl.    I.m 
W.S4       1.4( 

M.res 

96  43  ' 


r   LohlRb 

n  Minui... 
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TMK  UNITED  STATKS  (( 


..  Pa.  geol.  BUr.  UU.  p.  »«... 


.■  J.  DlEgina  tartii 

. .  StS    te«t    Hlioce    bottnm    of 


Eeal.  aur.  3)th  rep't.  ptS  cont'd,  p.  411,. 

McCreath,  aoal, 
tr.  8.  Eeol.  8Ur.  SOth  rep't.  pt  6  cont'i),  p.  Ml; 
McCrealh,  anal. 
,.  U.  8.  tceol.  aur.  SOth  rsp'C  ptSconi'd.  p,  441; 


!fi  from  bottom, 
imen  ^m  Hiuty  bt 


1  d  ton 


liiBirj- 


h  rep't,  ptS  cont'd,  p.  441 Cbicki 


>.  geol.  sur.  MH.  p.  SOB  ,, 
=  AnalyilB  ol  burned  lime 


vorluppprlime^ione 
D.  R    Orlffltb  quarry 


S.  Palmw  fluarrj;   FruFport 


G  M    Doly 
Sewlch'ey  llmestoDe 


J.  K.  Shlnri 
MoCordquB 


[.  Steltlar 

D.  Campbell  quarry 


NEW    YORK    8TA 


,    HVt>El-M 
ANALTi 


.    A.  Csmpbrll  itiiarry. 


^cirlhkinploii ...  FreeiDBimbarg 

(orlhumberlBiiJ  Diamacltt     L 

i<im»rBeL Diickiitoim 

"        Forwaradtown 

Ustle  .  ... 

SM  m.  8.  ».  oIMey- 

1  m.  D.  of  Ballabiir]i. 

,.  aifim  s.nfSslfsbury 


e.  at  Soi 
e.  of  Frio- 


..  Stnyilown 

vr  CroaaroftdB, 


.,  UuBklns  run:  Shade 
.  Nenr  Dav^BTll 

I.    n.  aF    Scalp 


S  t>F  LIHKBTUMICB  OP 


3   1R3W    . 
I   Si  4IB  . . 


(   Wt7.8T    . 

»  4B.n  . 


FeCOa   E 
FbCO,  f 
I       S.3U 


PeCOa   T 
I       B.^ 


, .  *FeCOj 


FeCOs 


I    X3.08S.. 

(  is.rra  . 
iB.oe    . 

9.1B4.. 
ie.4M  .. 


riM.iiT  K.as7 
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THB  UNITED  STATISS  ic(mtinued) 


No. 

8' 9 
880 
(61 
862 
868 
8e4 
865 
866 
867 
66S 
663 
870 
671 

872 
878 
874 
875 
876 
877 
878 
879 
880 
881 
8S2 
833 
884 
885 
886 
887 
8^8 
889 
8S0 

801 

892 
898 


msoBL- 

LANBOUS 


••••••ftti 


•  •••t«  •••• 


•••••••••••••• 


>•   ••••••••< 


•  ••••  •••••«  •••• 


•••••••••• 


•    •     •••••! 


I    ••••••     I 


I    •    •    •     • 


2.602 


C 
C 

c 


.55 
.98 
.59 


RBFBRENOE  AND    ANALYST 


Pa.  geol.  8ur.  MM,  p.  806 


( t 


1 1 


ft 


1 1 


1  i 


U.  8.  Reol.  sur.  2Dth  rep't,  pt  6  cont'd,  p.  441; 

R.  Kent,  anal. 
U.  8.  geol.  sur.  20th  rep*t,  pt  6  cont'd,  p.  441; 

R.  Kent,  anal. 
U.  8.  geol.  i»ur.  20th    rep't,  pt  6   cont'd,  p.   441; 

C.  F.  Reader,  anal 
U.  8.  geol.  sur.  20th  rep't,  pt  6  cont'd,  p.  411 .  . . 


it 


»*      Booth, 


»i  it 

Garrett  &  Blaf  r.  anal. 
U.  8.  geol.  sur.  20th  rep't,  pt6 cont'd,  p.  441;  Booth, 

Oarrett  &  Blair,  anal. 
U.  8.  geol    sur.  20  h  rep't,  pt  6    cont'd,  p.  441; 

A.  Bachman,  ana'. 
U.  8.  geol.  sur.  2>Jth  rep't,  pt  6  cont'd,  p.  441 ;  Dr 

W.  Frear.  anal. 
Pa.  geol.  sur.  MH,  p.  366 


t  i 


t  i 


t  i 


U.  8.  geol.  sur.  20th  rep't,  pt  6  cont'd,  p.  441. 
Pa.  geol.  sur.  MM,  p.  286    , 

P.2S7 

p.  291 

p.287  

p.  289 , 

p.  290 

p.  291 

p.  295 , 


i  i 


i  i 


i  i 


i  i 


ii 


t  i 


i  t 


i  t 


i  t 


OWNER 
LOCATION  AND  RElfARKS 


Probably  top  of  Calciferous 
Bottom  of  Chazy 


Greenwood    ore    bank    lime- 
stone 
J.  B.  Rmith  no.  1 

2 

R.  McCoy  lime  co. 

W.  B.  Rambo,  quarry  no.  1 
it  *t  2 

G.  W.  Bachman 
J.  Teager 
Burkit  farm 
Harshberger  quarry 

Listie  mining  co. 

Keystone  coal  and  mfg.  co. 

quarry 
SaylorHill  quarry 

Yoder's  quarry 

J.  M.  Hayes  quarry 

M.  J.    Beechy   quarry;    Red- 
stone limestone 
8.  8.  Fllckenger  quarry 


t  k 


1 1 


i  t 


1 1 


t  i 


■  t 


1 1 


p.  296. 
» t 


1 1 


p.  300. 


1 1 


p.  *^99. 
p.  2S4. 


Pittsburr  coal,  coke  and  iron 
CO.  Elklick  limestone 

Johnstown  cem*'nt  rock  in 
Zimmerman  qu«rry 

Reitz  quarry 

J.  J  Pile  quarry 

Wilt  quarry 

J.  H.  Beans  upper  bench 
* '         middle  bench 
*  •         lower  bench 

D.  Rodgers  quarry 

Trevorrow  quarry,  Johnstown 

J.  Weaver  quarry.  Johnstown 

Luclce  quarry  upper  bench 


1 1 


lower  bench 


O.  R.  Wilson 


L=  iUialysis  of  burned  lime 


NEW    VORK    STATE   MTIBEDM 


"m 


WeMmarelaad , 


m.  D.  ot  Canna 
m.  from  Wublas* 
i  m.  w.  ot  Kelly'a  . 

m  Crom  Mt  Fleas-  .. 


.,  WrlglitsvlLle... 


,.  North  P.n»onl I, 


AKAXTSKS  OF  [.niHBTOHKS  Or 


tr.n   a 
SI. tea 

04.M) 


,14 

i.oa 

M.oa 

.ts 

.es 

.OS 

43  S£ 

,28 

43M 

-4 

M.6S 

■V 

UUE    ANB    CEMENT   IHUUSTBIES 


THE  tINITKD  STATES  (coi 


Pa.  geol,  sur,  MU.  p.  2^  .. 


property 
. .  wiDlDg  « I  uisan  quarry 


U.  3.  BBOl.  Bur.  SOlh  re 


Apple  ton,  anal. 
U,  8.  Keol.  sur.  SOth  rep't,  pt  8  coal'd,  p.  US;  J.  V. 


U.  S.  seol  sur  Mth  rep't,  pt  S  cont'd,  p.  «4 . . , . 
p.  443  .. 
Bui,  148.  p.  aSB:  L.  O,  KaklM.  a 


teafy  A  Co.  quarry 
I.  HHrrla  quarry 

,.  OaKerllme  and  mtie,  X 
\rlinEtOQ  lime  CO. 


FeO 

.IS 

Org.  ooue 
Org.           .OM 

"  SOth  rep't,pt-e  cont'd.p 

HarrldEtoa.  anal 
U.  B.  geol.  Bur.  SOth  rep't.  ptfl  cont'i!,  p 


paus,  annl, 
U,  S.  leoL  sur.  aOth  rep't,  pt  11  cont'd,  p.  4BD:  S 

SharplsBa.  anal. 
U.  8.  Reot,  Biir.  30th  rep't,  pt  B  cont'd,  p.  ' 


;h  rep't.  ptlB  cont'd, 


I,  D.  R.  Boone  i|iiBrry 

uitln  White  li'USL'o.  oualyali 


:<aoii  lime  ami  ninrblei 
1-  FoUft  Rroa. 


,.  Uarlila 
,,  LlKhtm 
,.  Dark 


'    YORK    STATE    MUSEUM 


OP  UMESTOKEfl  OV 


do. 

*""" 

,.™ 

1 

i 

1 

034.K 

808 
88.  M 

(p,B7 

1)18,8 
14.48 

aaGS4 

W.9S 
11.(7 
4S.S 

10.« 
S.M 

.29 

1.88 
10.8 
48.4 
1.4fl 
9.5 
18.38 
S4.8fl 
8M 
98 

B.as 

48.8 

41  .se 

f 

s 

I 

Me 

▼ernmnt  (con) 
Rutland 

WtstButlaiid 

r.r.- 

l.M           M 

.a 



n 

N.  IT.   nirnptlip.  w 

or  WiEcbHter 
im.fromChrlMlanB- 
burgroaUlflBlack*- 

road 
l>*ni.froDiOoMoti«- 

Sm.  from  Gordons- 

„ 

7.44 
11.28 

;:r 

4.S 
4.M 

^ 
i.fl 

.8 

'   Bl  -B 

mi 

.8 
.84 
.«9 

.» 

.™ 

.48 

.«« 
.48 
1.6          S 
B.l 
.8 
B.1S 
8.09 

70. IB 

4T.4S 
88.10 

m 

aWM 

w.oe 

B8.Ea 

00,11 

98.2 

ee.46 

Bl.ll 
GS.88 
tSBt 
S8.M 

SS.O 
87.5 

ss.w 

7B.44 
B5.M 

Berkeley 

we 

BDT 

ShenaDdosh  

lim.w,o(NewMsr- 
Nbw  Market 

Marlows L 

Knobiyniountslii... 

FortSpriiiK 

M»Srty  ^reak  nioun- 

S.G 

». 

.- 

.,. 

,M 

5.04 

1.83 

M3 

944 

Kuikwha 

.91 
M 

94S 

NsarCInrkshurg.... 
Sarpers  Ferry 

4  m    y.  w.  Ilnrpers 

o,r.',s™„ 

ShepherdstoVD 

.7i 

1  68 
4S.6 

,ea 

t64 

Tno  Mile  creek l.TB 

BlKKuffalocr«ek... 18,48 

... 

rn 

^ 

1(87 

■ 

(I'll 

...       lEichleenMllscreBklSl.M 

UME    AKD    CEMENT    INDU6TEIES 
THE  UHITBD  STATKS  lomtinutd) 


Wo. 

LAVIODB 

— - 

UKUttoM  iHD  HKKiMMM 

1» 

Alkalia      LIB 
FeO            .M 

U.  a,  (rei.1.  suf.  18ih  rep't.  pt  S  eoBfd,  p.  1»;  J.  M. 
Kan  [..anal. 

17.  S.  (teol  sur.  Bui. !«.  p,  868;  8,  StelRer,  anal. . . 

While  marble 

G.C-AB.C,  Ditto 
C.  E.  D"lKht 

m 

■      '■"" 

m 

P.1'0 

sag 

U.fl.geol.8ui-.W[hn!p't.ptOcoBfa,p,«B 

p.  ISO:  W,  B  Rogers,  anal. 
Dfwcrlntlon  of  rpsourceaof  W.  Va.Suromeral889 

p.  ISO:  W.  B.  RoRors.anal. 
DescrlptI' n  ot  mounxsnf  W.  Va.Summ«rgieSg 

p.  ISA;  W.  B.  Bosom,  anal. 

Org.         tr. 

Description  of'resourceaor  W  VB.8umm8r»18!)3 

QS.^^i%-^i^%"m      

On  rood  lo  Locke's  lat 
HBjmold'a  quarry 

Upper  bed 

MR 

mi 

cm 

■■      ••       im 



"     ■'       aw 

urn 



(UB 



i 


"      DuDlapB  Creek 

"      I.lttis  Nortli  maun- 

I    tHln 

Ohio. ■  Willow  BTOVB 

PlwwwtB !8outb      glde     K»pl- 

Jarne  rlt^r 
PreMon iJenkloa  lime  Ulii  — 

'K.  Forman'* 


Calumet 


..|BrllIion 

..  KdowIm 

. .  Sturgron  Bay, .. 


Outu)(Bin<fl Duck  Creek... 

Ozaukee 

SheboyKBD Sbflboygui .  ■ . 


..|Oeii«i«e.. 
..  LanoDD... 


1 
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THB  UKIT£D  STATES  Cconcluded) 


No. 

MO 
Ml 
M8 
968 
964 
966 
966 
967 
968 
969 
970 
971 
972 
978 
974 
975 

976 
977 
978 
979 
960 
961 
962 
988 

986 
966 
987 

Qfifl 
voo 


MIBOBIi- 
LANBOU8 


>••••••••••••• 


RBFBRKMCB  AND  AHALTST 


Geol.  of  Va.  p.  525;  W.  B.  Rogers,  anal. 


» I 


» I 


» » 


t  i 


4  4 


U.  S.  geol.  8ur.  Bui.  148,  p.  256;  T.  M.  Chatard,  aual. 

44  44 


4  4 


44 


Qeol.  of  Va.  p.  580;  W.  B.  Rogers,  anal. 

44 


4  4 


44 


»«••.*••••••••• 


Description  of  resources  of  W.  Va.  Summers  1896, 

p.  88;  W.  B.  Rogers 
Description  of  resources  of  W.Va.  Summers  1898, 

p.  h8;  W.  B.  Rogers 
Description  of  resources  of  W.Va.  Summers  1893, 

p.  88;  W.  B.  Rogers 
Description  of  resources  of  W.  Va.  Summers  1898, 

p.  88;  W  B.  Rogers 
Qeol.  of  Va.  p.  520;  W.  B.  Rogers,  C.  B.  Dwi 

anal. 
Geol.  of  Va.  p.  520;  W.  B.  Rogers,  C.  E   Dwight, 

anal. 
Gieol.  of  Va.  p.  520;  W.  B.  Rogers,  C.  E.  Dwight, 

anal. 
Geol.  of  Va   p.  520;  W.  B.  Rogers,  C.  E.  Dwight, 

anal. 
Geol.  of  Va.  p.  529;  W.  B.  Rogers,  C.  E.  Dwight, 

anal. 

U.S.  geol.  sur.  20th  rep*t,  pt  6  cont'd,  p.   463; 

Gustavo  Bode,  anal. 
U.  •<.  geol.  sur.   20th  rep't,  pt  6  cont'd,  p.  462; 

W.  w.  Daniells,  anal. 
Wis,  geol.  sur.  fiul.  4,  p.  420;  W.  W.  Daniels, anal.. 

U.  S.  gf>ol.  sur.  80th  rep't,  pt  6  cont'd,  p.  468; 

W.  W  Daniells,  anal. 
Ark.  geol.  sur.  1890,4:  122 


OWNER 
LOCATION  AND 


Lower  ledge 
Upper    *  * 


4  4 


44 


44 


4  4 


4  4 


44 


Alkalis 


.8 


!•••••••••••••• 


Wis.  geol.  sur.  Bui.  4,  p.  420;  W.  W.  Daniells,  anal. 

U.  S.  geol.  sur.  20th  rep't,  pt  6  cont'd,  p.  462 

p.  468;    G. 


4  4 


44 


44 


4  4 

Bode.  anal. 
Wis.  geol.  sur.  Bui.  4,  p.  420 

U.  S.  geol.  sur.,  20th  rep't,  pt  6  cont'd,  p.  468  .... 

Min.  res.  1889-90,  p.  489;  J.  C.  Jack,  anal 


Gibson's  quarry 


Ormsby  lime  co. 
Nast  Bros,  quarry 


4  4 


4  . 


Hamilton  stone  and  lime  co. 
Cement 


Milwaukee   Falls    lime    co. 
Sheboygan  lime  works. 


6MgO 


INDEX 


The  superior  figures  tell  the  exact  place  on  the  page  in  ^nths;  e.  g.  GOO* 
means  page  696,  beginning  in  the  third  ninth  of  the  page,  i.  e.  about  one  third 
of  the  way  down. 


Abrasion  test  for  cement,  7277-28». 

Adhesion  test  of  cement,  7291,  7357. 

Agricultural  uses  of  lime,  671«-725. 

Akron,  natural  rock  cement,  8337; 
quarry,  illus.  facing  p.  836. 

Akron  district,  cement  quarries  in, 
8364-378. 

Albany  county,  limestone  formations, 
7694-723. 

Albion,  quarry,  illus.  facing  p.  810. 

Alkalis  in  limestones,  6447. 

Alpha  Portland  cement  co.,  6968. 

Alsen's  American  Portland  cement  co., 
8519,  8607-612. 

Alumina  in  limestones,  644*. 

Alvord,  A.  E.,  quarry,  805«,  807^,8386; 
illus.  facing  p.  805,  838. 

Alvord,  E.  B.,  &  Co.,  805«,  8387. 

American  cement  co.,  6963,  8585,  859«, 
8612. 

Ammonium  sulfate,  6682. 

Amphibole  in  limestones,  65  H. 

Analyses,  892-955;  Becraft  limestone, 
7773,  7872,  8223;  Birdseye  limestone, 
7911;  blue  lime,  8066;  Calciferous 
limestone,  7876,  7997,  8161;  Cambro- 
Silurian  limestone,  809&-102,  8122, 
8291;  cement  rock,  806*;  Chazy 
limestone,  7558,  7755,  7762,  7826, 
7831;  Crystalline  limestone,  8003, 
8141;  dolomite,  7786,  7793,  3151 ; 
Guelph  limestone,  795»-96i;  Helder- 
berg  limestone,  7713,  7843;  hydraulic 
limes,  6783;  lime,  805»,  815*;  lime- 
stones, 8266,  892-955;  limestones 
used  in  glass-making,  6542;  lime- 
stones used  by  beet  sugar  manu- 
facturers, 6562,   6574,   6581;    Lower 


Helderberg  limestone,  8033;  mag- 
nesian  limestone,  8096;  marl,  7857, 
7931,  7948,  7976;  natural  rock  ce- 
ment, 6834,  8175;  Niagara  limestone, 
8013;  Onondaga  limestone,  7733, 
7811;  Pentamerus  limestone,  8173; 
Portland  cement,  7001,  7044^62, 
8521,  854,  8567,  8617,  8623, 
8646,  8663,  8674,  8681,  8697,  8711, 
8718-722;  Portland  cement  mate- 
rials, 8547,  8567;  Rosendale  cements, 
6792;  Tentaculite  limestone,  7888, 
8178;  Trenton  limestone,  788»-«92, 
7914-922,  7924,  7991,  8028,  8251, 
8278 ;  Trenton-Chazy  limestone, 
8127-138;  Tully  limestone,  8208; 
Upper  Helderberg  limestone,  8191. 

Appleton,  J.  H.,  analysis  by,  8268. 

Arana  marble  co.,  8276. 

Arden,  quarry,  illus.  facing  p.  808. 

Argillaceous  limestone,  6437,  6453;  in 
Portland  cement,  8753. 

Argillaceous  magnesian  limestone, 
6454. 

Associated  lime  co.,  8258. 

Atlas  cement  co.,  6968. 

Babcock,  D.,  quarry,  8187;  illus.  fac- 
ing p.  818. 

Ball  mill,  7148;  section  of,  illus.  fac- 
ing p.  714. 

Bangs  &  Gaynor,  8384. 

Barber  asphalt  co.,  quarry,  illus.  fac- 
ing p.  781. 

Bamerville  quarry,  illus.  facing  p.  818. 

Barnhardt,  D.  A.,  cement  mine,  835. 

Barre  Center  limekiln,  illus.  facing 
p.  811. 
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Bcrrett,  S.  T.,  cited.  BOSS. 

Buic  Btecl,  manufacture,  667'. 

Bauschinger's  caliper  apparatus,  730'. 

Beck,  cited,  7678. 

Becraft  limestone,  7024-631;  analjBCB, 
777S,  7878,  8223;  qnarrj,  illiw.  rac- 
ing p.  777,  787:  in  Albany  Muntj, 
7708;  in  Columbia  coimij,  776Bi  in 
Greene  eownt.v,  7908;  i„  Ulaber 
county,  8211,  821T. 

Beet  Biignr,  manttfacture,  e55«-58'. 

Behan'a  quarry,  806*,  838»;  illua.  fac- 
ing p.  804. 

Bennett's  quarry,  810B. 

Binnenater,  cement  quarries  in,  8338. 

Birdwyo  limcBtone,  755T,  7681.  7571 ; 
analysiB,  79li;  quarry,  illns.  facing 
p.  788;  in  Herkimer  ooonty,  788'; 
in  JefferBon  county,  78BB;  in  lA-wia 
oonnty,  7908. 

Biiehof,  G„  ciUd,  6428. 

Bishop,  I.  P.,  cited.  770B.  77e». 

Black  river  limestone,  755T,  75(iB:  in 
Clinton  county,  7748-75=;  in  Eshci 
county,  7822;  in  Jefferson  coua^, 
700'. 

Blowing,  726*. 

Blue  lime,  analyseu,  8088. 

BShme  hammer,  7208;  jllus.  facing 
p.  719. 

Boiling  teat  1  f  cement.  7266-270. 

Bond.  Edward  A.,  acknowledgmenta  to, 
8773. 

Bone-ash,  manufacture,  6703. 

Bonneville  cement  CO..  696*. 

Boyntcm,  analysis  by,  7**3i. 

Brainard,  E.,  cited,  781S. 

Briquet  machinpn.  730T-211i. 

Briquets,  71^;  form  of,  7I9>;  mold- 
ing, 7191-20';  brass  mold  for  mak- 
ing, illua.  facing  p.  742;  placing  in 
machine,  7232;  tcmnerature  of,  7238, 
See  also  Tensile  strength;   Tests. 

Britton  A  Clark,  805',  838'. 

Bronson  Portland  cement  co.,  696*. 

Brown,  W.  S.,  analysis  by,  7848. 

Brown's  quarry,  8388;  illus.  facing 
p.  804. 

Buckeye  cement  co.,  6903. 


Buffalo,  natural    rock   cement,    883^; 

quarry    in    Corniferoiu    limestone, 

illus.  facing  p.  781. 
Buffalo    cement    CO.,    837*;    quarries, 

illus.  facing  p.  780,  837. 
Buffalo  cement  works.  781*. 
Buffalo  district,    crment   quarries  in, 

S37*-38". 
Burning  lime.  062*, 
Burning  Porlland  cement,  707B-8S, 
Butler.  D,  B..  cited,  7102,  7140,  716i>, 

7186. 
Butler,  Slicrinnn.  qunrry,  78SS;   illua, 

facing  p.  788. 

CalcareouB  sandstone.  043". 

Cfllcareouti  shnle,  043^. 

Calcnreous  sinter,  6415. 

Ciilcareous  tufa,  in  Monroe  eoun^, 
7972;   illua.  facing  p.  797. 

Calciferous  limestones.  7535-548;  an- 
alyses, 787a,  7eB'.  81Q»;  illns.  fM- 
ing  p.  787,  809,  828,  830;  in  CUn- 
ton  county,  774-T;  in  Fulton  county, 
783B;  in  Herkimer  county,  7878;  in 
JeiTeraon  county,  78Bfl;  in  Hont- 
gomery  county,  789* :  in  Saratoga 
county,  8158 ;  jg  Schenectady  county, 
8165;  in  Warren  county,  824'. 

Calciferous-Trcntou  limestone,  illus. 
facing  p.  618. 

Caledonia,  marl,  illua,  facing  p.  732; 
Portland  cement  mnnufaetnred  near, 
8702. 

Callnnnn'a  quarry.  771'. 

Cambrian  limestones,  6470. 

Cam bro- Silurian  limestones,  7538;  an- 
alyses, 809B-103,  8)22,  B291;  in 
Dutchess  county,  7781 ;  in  New  Yorit 
county,  8001;  jn  Orange  and  Rock- 
land counties,  8083;  in  Bensselaer 
county,  611';  in  Wesiehester  county, 
6481,  828*. 

Candlot,  cited,  703*. 

Carbon  dioiid,  6596. 

■  Jarlson,  H.,  analysis  by,  780»-81S, 

Carthage  Landing  on  the  Hudson, 
Portland  cement  manufactured   at. 
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Catskill,  quarries  in  Becraft  limestone,  Clinton  Point,  quarries  at,  illus.  facing 

illus.  facing  p.  787.  p.  779. 

Catskill  cement  co.,  8510,  8585,  8593,  Clips,  7226-233,  7431. 

8621 ;  works,  illus.  facing  p.  862.  Color  of  limestones.  6507. 

Cayuga  county,  limestone  formations,  Columbia    county,    limestone    forma- 

7724-741.  tions,  7764-777. 

Cayuga  Portland  cement  co.,  8631.  Compressive  strength,  test  for,  7179- 

Cement,  6771-7525;  books  relating  to,  1«^'  7355,  7449^69,  7479-488. 

7511-52;     fineness,     7324-343;     per-  Connelly  &  Shaffer,  835. 

manency  of  volume,  7293-324;  sand.  Constancy  of  volume,  7295,  7446. 

8688,   8726;    silica,   8683,  8726;    slag.  Continuous  kilns,  7088. 

8732;    specifications,  8781-804;   tests  Copeland  quarry,  7966. 

made  by  the  state  engineer  during  Coplay  cement  co.,  6962. 

1S97-1900,  877-91 ;  methods  of  test-  Coralline  limestone,  see  Niagara  lime- 

ing,  8805-825;  results  of  tests,  8828-  stone. 

91.     See  aUo  Natural  rock  cement;  Cornell  lime  co.,  8316. 

Portland  cement.  Corniferous  limestone,  7663;  quarries, 

Cement  briquets,  see  Briquets.  i'^us.  facing  p.  772,  781;  in  Albany 

Cement  mortar.  7189.  county,    7695;    in    Cayuga    county. 

Cement  rock,  6444,  6451,  646;  analyses,  ^'^^®'  ^"^  ^"®  county,  7795,  7814;  in 

8064.  Greene  county,  7862;   in  Livingston 

Cement  testing  machines,  7221.  county,  7925;  in  Onondaga  county, 

Champlain  clay,  illus.  facing  p.  822.  ^^^^* 

Chautauqua    county,    marl    deposits,  ^^^^gan's  quarry,  8044,  8388. 

7742.  Cowaselon  swamp,  illus.  facing  p.  794. 

Chazy*  quarry  at,  illus.  facing  p.  775.  ^^^^f'""^  «^  checking,  test  for,  736*. 

Chazy  limestone,   7549^56;    analyses,  ^'^^^°  /"     ^^"     ^^^«^"'     Portland. 

7553,  7765,  7762,  7826,  7831;  in  Clin-  ^  ''^'T''^  manufactured  at,  8516. 

ton  county,  7746;  in  Essex  county,  ^'"'r,?'  ^^V^' 

7821 ;  in  St  La%vrence  county,  8124.  Crystalline  limestone,   analyses,   8008, 

Checking  or  cracking,  test  for,  7364  ^^^^>    '"    ^s»«    coymtj,    7816;    in 

Chemical    composition    of    limestone,  ^""^^^^  ''''''''^^'  ^®^*'  ^°  ^*  Lawrence 

6438-46.  county,  8133;  in  Westchester  county, 

8324 
Chester,  A.  H.,  analyses  by,  8026. 

Chlorid  of  lime,  6587-696.  Cumings,  E.  R.,  cited,  8019. 

Clancy,  John,  quarry    8075  Cummings,  W.,  cited,  6789,  8646,  8668. 

Clark's  quarry,  illus. 'facing  p.  782.  Cummings  cement  co.,  8364;  illus.  fac- 

Clarke,    J.    M.,    on    Tentaculite    lime-  '"^  P*  ^^^• 

stone,  7598;   cited,  8079.  ('ummings  pulverizers,  8367. 

Clay,  in  limestones,  6518;  in  Portland  Cushing,  H.  P.,  cited,  7749,  7750. 

cement,  8738-749. 

Clinkers,  reduction  of,  7133-166.  Dale,  T.  N.,  cited,  8208. 

Dana,  J.  D.,  cited,  8289. 

Darton,  N.  H.,  cited,  7544,  7573,  7579, 

7589,    7699,    7719,  7839,  7879,  7887, 

Clinton    limestone,    8689;    in    Cayuga  7984,    8088,    8159,    8207,    8213,    8219, 

county,    7725;    in    Monroe    county,]     8233,  8243 ;  on  Helderberg  limestones, 

"^^-  I      7008-625. 


Clinton,  tufa  deposits  near,  6416. 
Clinton  county,  limestone  formations, 
7743-764. 
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Dsvidsen  tube  mUl,  sections  througb, 
illue.  facing  p.  714. 

Davii,  C.  A.,  cited,  64R 

D«Tis,  C.  T„  cited.  071*. 

DaTis,  W.  M.,  cited.  8208. 

Diamond  Fortlaad  eeiuent  eo.,  600*. 

Diedtieh's  quarry,  8031- 

DictiBch  kilns.  7o7b,  7088-108;  illiw. 
facing  p.  709. 

Dolomites,  644S,  645^;  analyses,  778", 
779^,  8151 ;  used  in  mnnufactuTe  of 
basic  steel,  667^;  geographic  dis- 
tribution. CIS!  [  mineralogic  com- 
position, 65|l;  pure,  BOT*;  in  Mon- 
roe county;  7980;  in  Westchester 
county,  648). 

Dolomilic  cements,  67Se. 

Dolomitixaticn,  04  S*. 

Dome  kiln.  70S8.  709«;  illus.  facing 
p.  70fl. 

Donohue.  0.  J.,  analytifl  by,  S11S-K9. 

Dunlap,  R..  quarry.  8380. 

Dunti.  J.,  quarry,  790*. 

Durven  Portland  cement  00.,  77S*. 

Durypc  Edward  ai  know  led  gments  to, 
849B    1502,  8567 

Duryee,  George,  UIil  jwtoited  by, 
8£3T 

Duneei  revolving  furnace,  8662. 

Dutthe«s  county  limestone  forma- 
tions, 7778-791. 

Dwight,  W.  B.,  cited,  7778.  S088. 

DyckcrhoiF.  R.,  experiments,  701». 

East  Tiinnda  creek,  quarry,  iltus.  fac- 
ing p.  7B7. 

East  Kingston,  cement  quarries  in. 
833^:  Champlain  clay,  illua.  fsdiig 

p.  822. 

Eckel,  Ed IV in  C.  Early  history  of  the 
Portland  rement  industry  in  New 
Yorfc  stnle,  849-50;  Manufacture  ot 
Portland  cement  in  New  York  state. 
360-76;  Tests  of  cement  made  by 
the  state  engineer  during  1897-1900. 
877-91 :  Key  to  tables  of  limestone 
analyses,  892-97. 

Edson   Bros..  8188. 

S^leston,  T.,  annlyvis  by,  777'- 


Emmons.   Ebene/«r,   cited,   7749.    73  le, 

789U,  S24B- 
Empire  brand,  8B6S. 
Empire    Portland    cement    00.,     ftlW, 

A58(i.    8907,    S63*-66S;    old    plant, 

Ulua.  facing  p.  665. 
Enerinal  limestone,  7623. 
Engineering      societies.      spcciCcations 

adopted    by    for    Portland    cement, 

7343-50*. 
Engiehardt,  F.  E.,  nnalysis  by,  805»-6<, 

8711. 
Epidote  in  limestones,  651B, 
Krie     county,     limestone     formationa, 

77B5-B1B. 
Esopus  slate.  786^. 
Essex   county,    limestone    formations, 

781''-835, 


Faija,  F..  cited,  697*.  7168,  7289, 
Fairbanks  machine,  722*;   ilhis-  fsctDg 

Falkirk,  cement  quarry  in,  8381. 

Fiiulkner,  Mrs  C.  L.,  qii.irr>-,  7036. 

Fineness  of  cement,  732*-313 ;  of  Fort- 
Innd  cements,  884,  886,  S88.  800-,  of 
nntural  rock  cementa,  SBS,  887,  889, 
891;  result.i  of  testa  for,  diagrams 
facing  p.  890. 

Fisher,  G.  J„  quarry,  8187. 

Flint  brand.  86IB. 

Foery  &   Knslner.   705". 

Fogelsonger  &.  Young.  780!,  780»- 

Fosaile,  in  limestones,  Ci33. 

Frank,  B..   quarry,  S18S. 

Frascb,  cited,  QSSB,  662B,  8630.  6680, 
0Q91,  6710. 

Fremy,  cited,  724*. 

Fuller,  W.,  sons,  quarry,  786*. 

Fulton  county,  limestone  formatione. 


Oaruat  in  limestones,  661B. 

Gnry.  M-,  citea,  7070.  7182,  720»,  726«, 

7282,  730*. 
Gas  manufacture,  670". 
Geikie,  A.,  cited,  0457. 
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Genesee  county,  Hmestone  formations, 
7837-859. 

Genesee  Wayland  cement  co.  plant, 
illus.  facing  p.  872. 

Geologic  occurrence  of  limestones, 
6477-481. 

Geology  of  New  York  limestones,  753- 
68. 

Gilhnore,  Q.  A.,  referred  to,  724«; 
cited,  6669,  6745,  6756,  8507-51*. 

Glass-manufacture,  6532-54*. 

Glens  Falls,  Portland  cement  nuinu- 
factured  at,  8587,  8669;  quarry  near 
in  Trenton  limestone,  illus.  facing 
p.  824. 

Glens  Falls  Portland  cement  co.,  696*, 
8579,  8587,  8596,  8668-68*,  8727. 

Gonintite  limestone,  7661,  772». 

Goodrich,  L.  S.  &  son,  quarry,  7731. 

Gouverneur,  quarry,  illus.  facing  p.  814. 

Graham,  A.  W.,  cited,  8009. 

Grant,  John,  cited,  7027. 

Graphite  in  limestones,  6510. 

Graves,  C,  referred  to,  8149. 

Greene  county,  limestone  formations, 
7861-87*. 

Greenman,  Kussell  S.,  acknowledg- 
ments to,  8773. 

Griffin  mill,  715*,  8379;  mua.  facing 
p.  715. 

Grinding  the  clinker,  713^-166;  fine- 
ness of,  7446,  7507. 

Guelph  limestone,  6481,  7598;  analy- 
sis, 7959-961;  quarry,  illua.  facing 
p.  810;  in  Monroe  coimty,  7946,  7967. 

Hall,  James,  cited,  7589,  7697,  7740, 
7790,  7830,  785*,  7929,  7949,  7970,  8006, 
8O79,  8082,  8100,  8110,  8189,  8199, 
8282,  8330. 

Hamilton  group,  8632. 

Harris,  George  D.,  quarry,  8275. 

Harrisville  marble  co.,  8146. 

Hartmann,  J.  M.,  table  prepared  by, 
6548. 

Heath,  cited,  7108. 

Heins,  George  L.,  referred  to,  8779. 


Helderberg  cement  co.,  8171,  8588,  859*, 
868*-702;  quarry,  illus.  facing  p.  817. 

Helderberg  limestones,  6479,  7608; 
analyses,  7713,  7843;  in  Genesee 
county,  7838;  in  Herkimer  county, 
7881;  in  Livingston  county,  7926;  in 
Oneida  county,  8018;  in  Schoharie 
county,  8166. 

Herkimer  county,  limestone  forma- 
tions, 7875-89*. 

Hewitt,  D.  C,  quarry,  798«. 

Higgins,  G.  S.j  quarry,  789*. 

Highfalls  &  Binnewater  co.,  835. 

Higley,  Monty  &  Co.,  8161. 

Hillebrand,  W.  F.,  analysis  by,  8309- 
318. 

Hoffman  ring  kiln,  7121-138. 

Hogan,  M.,  quarry,  8075. 

Holdredge,  George,  quarry,  7869;  illus. 
facing  p.  787. 

Hollick,  A.,  cited,  8089. 

Hornby,  J.,  cited,  6700. 

Howard.  T.  A.,  referred  to,  652«. 

Howard's  quarry,  8131. 

Howe  Cave,  Portland  cement  manu- 
factured at,  8588,  868*;  quarry,  illus. 
facing  p.  817. 

Howell's  quairry,  7843,  7352. 

Hudson,  quarry  in  Pentamerus  lime- 
stone, illus.  facing  p.  776;  quarry  in 
Becraft  limestone,  illus.  facing 
p.  777. 

Hunt,  Dr  T.  S.,  cited,  6425. 

Hydraulic  agents,  6773. 

Hydraulic  cements,  666*. 

Hydraulic  limes,  6451,  646,  666*,  677^- 
786,  7641;  analysis,  6788;  of  Albany 
county,  7711;  in  Erie  county,  7795, 
7806;  in  Genesee  county,  7855;  in 
Onondaga  county,  8043;  in  Ulster 
county,  8232. 

Ingham  Mills,  quarry,  Becraft  lime- 
stone, illus.  facing  p.  788. 
Intermittent  kiln,  see  Dome  kiln. 
Inwood,  view  of,  illus.  facing  p.  648. 
Iron  in  limestones,  6447. 
Iron  clad  brand,  8669,  8681. 
Iron  ox  id   in  limestones,  6513. 


Iroquoie  Portland  cement  oo.,  ST03. 
Irving,  J.  D.,  annlysea  by,  802S,  814*, 


Ithaca,  Portland  ci 


Jameson,  nited,  717«,  71Bi,  721".  7262. 
727».  T32T,  734B. 

Jameson  machine,  7Z1B. 

JamoBVille,  quarry,  illus.  tadog  p.  SOS. 

Jefferson  county,  limestone  forma- 
tions. 78W-9O0. 

Johnson,  Prof.,  cited.  7023,  7171,  72OB, 
7228,  7328. 

Johnson,  B.,  qunrry,  810»,  8112;  jlliiB. 
facing  p.  811. 

Jordan,  PorLlnnd  cement  manufac- 
tured at,  8580,  8612. 

Judson,  William  Pierson,  acknowledg- 
ments to,  87 7>. 

Seenan  lime  co.,  S26*. 

Keifer,  H.   E.,  analysis  by,  8623. 

Kemp,  J.  F,.  cited.  646,  7810,  BOO",  S089, 
82flS;  analysis  by,  7820. 

Ketcham,  G,  &  J,  H.,  quarry,  7783. 

Kicfrer"s  quarry,  7800. 
,  Kilns  used  in  Portland  cement  manu- 
facture, 70ST-13S;    (or  manufacture 
of  natural   rock   cempnt,   6873. 

Kingston,  Portland  cement  nianiifac- 
tured  at,  850<-filB. 

Knickerbocker  cement  co.,   3732. 

Krupp  bull  mills,  862B. 

Lappa  rent,    Albert   Ac,   cited.    642''. 
Lauer  K  Hagaman,  766^.  ] 

Lauer   &   M.iy's   quarry,   illus,   facing  , 

p.  79c.  I 

Lawrence  cement  CO.,  8344,  835;  quarry 

and  kilns,  illus.  facing  p.  834. 
Lawrence  ville,     eeraent     quarries     in, 

833a. 
Lawrenceville   cement   co.,  835. 
Lewis,   F.   H.,   cited,   6961,   702*,   7038, 

7113,    712B,    903a,    8663,    3670,    868", 

8758. 
Lewis    county,    limestone    formations. 


Lim 


1-669; 


nalyses,   8059,   815*; 
directory     of    pro- 


ducers, S39I— 47*:  producers  in  Onon- 
daga county,  805*;  sinking,  664*-88«, 

873^-708;   uses.  6671-78. 
jmc  rock,  0461. 
Limekilns,  6828-63*;   section   o(,   illuB. 
facing   p.   662;    vertical    eection   at, 
UluB.  facing  p.  663;   plan   of  kettl^ 
illus.   facing  p.  663. 
IJmcBtones.    analyses,    B28b.    802-955: 
cliemicftl  Cfim position,  6438-46;  color, 
efiOli  geologic  occurrence,   647T-*8>j 
geology  of,  763-68;  impuritiea,  64*», 
8G3T-643 :    mineralogie    composition, 
6511-522;  organic  remains,  043*;  ori- 
gin of,  6411-139;  in  Portland  cement, 
S"4*-76;   prospecting   for,   648S-50«; 
tnble  sbowiog  values,  65Si ;   textura 
of,  6518-622;  uaes,  6523-59* ;  used  in 
gl  ass -manufacture,    analyaes,     064*; 
used  by  beet  sugar   manufacturers, 
analyses.  6562,  657*.  658i;   va: 
in  composition,  table,  646;   varieties, 
6451. 
rincoln,  D.   F.,   cited.   8199,   818*. 
Lindalcy,  cited,  8200. 
Lithographing,  6601. 
Livingston    L>ounty,    linieatoue    for 

tions,  7928-038. 
Low  Point,  Portland  cement  manuffte- 

tiired  Bt,  8510. 
LiiH-er  Helderberg  limestone,  759*- 
010;  analysis,  8033;  quarry,  illu*. 
facing  p.  771 ;  in  Albany  county, 
78Btt,  7702-728;  in  Cayuga  county, 
772^',  77^6-741;  in  Grei-ne  rnunty, 
7Sei;  in  Jlodison  county,  TOJ*;  in 
Monroe  county,  792^;  in  Oneldft 
county,  8020;  in  Onondaga  county, 
BOS'!;  in  Ontario  county.  807*;  in 
Orange  and  Rockland  counties,  810*; 
in  Schenectady  county,  816". 
I.uther,  D,  D..  cited,  8039,  8043,  804a, 

8O79. 
McCaffery,  Cornelius,  quarry,  812*. 
Maclay,  W.  W.,  cited,  8571. 
Madison     county,     limestone      formm- 

tinns,  7933-94*. 
Ma<;iiestnn      limestones,      0441,      645^ 
77|2;    table    showing    values,    665*; 
analyMis,  8090. 
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Manlius,  cement  kiln  and  mill,  illus. 
facing  p.  804;  quarry,  illus.  facing 
p.  804,  805 ;  kilns,  illus.  facing  p.  838. 

Manning,  A.,  quarry,  7888. 

Marble  quarries,  illus.  facing  p.  778, 
814,  828,  830. 

Marks,  Henry,  quarry,  8288,  8291, 
8294,  8298. 

Marl,  766e-68;  analysis.  7857,  7931, 
7943,  7975;  deposition  of,  6418;  in 
Portland  cement,  8738-74*;  illus. 
facing  p.  792,  793,  807,  819,  864;  in 
Genesee  county,  7856;  in  Livingston 
county,  7926;  in  Madison  county, 
793*;  in  Monroe  county,  7945,  7972; 
in  Onondaga  county,  807®;  in  On- 
tario county,  8082;  in  Orleans 
county,  8112;  in  Schuyler  county, 
818**;  in  Steuben  county,  819';  in 
Wayne  county,  8282;  in  Yates 
county,  8332. 

Mather,  W.  W.,  cited,  7699,  7769,  777©, 
7869,  8009,  8089,  8119.  8169,  8169, 
8209,  8269. 

Merrill,  F.  J.  IL,  cited,  7697,  8008,  8289. 

Merrill,  G.  P.,  cited,  6431,  7698,  7818. 

Merrill,  J.,  quarry,  7841. 

Messing,  William,  quarry,  8016. 

Michael  is,  Dr,  analysis  by,  6788; 
cited,  6986,  7009. 

Milk  of  lime,  6682,  6691. 

Millen  cement  co.,  6962,  8197,  8591, 
8634,  8703-716;  plant,  illus.  facing  p. 
870. 

Miller,  J.  A.,  analysis  by,  7857. 

Miller  Bros.,  quarry,  8099. 

Mineralogie  composition  of  limestones, 
6511-522. 

Mixing,  7392,  7491. 

Molds,  7428. 

Monroe  county,  limestone  forma- 
tions,  7945-988. 

Montezuma,  Portland  cement  manu- 
factured at,  8651-58*. 

Montezuma  cement  co.,  8551-58'*. 

Montezuma  marshes,  illus.  facing 
p.  773. 

Montgomery  county,  limestone  forma- 
tions, 7983-999. 


Morey,  X.,  quarry,  789*. 

Morje,    Joseph,    acknowledgments    to, 

877*. 
Morris  &  Stroebel,  7842,  784«. 
Mortar,  6728-73©;   limes  suitable  for, 

6663. 

Mortar  experiments,  6761. 
Moscow  shales,  8632. 
Mosher,  W.  W.,  quarry,  789*. 
Mumford,    petrified    marl,    6416;  tufa 
near,  illus.  facing  p.  797. 

Nason,  F.  L.,  cited,  7699,  8209,  8348. 

National  Portland  cement  co.,  850^ 
515. 

"Natural  Portlands,"   8729-732. 

Natural  pozzuolanas,  6665,  677*. 

Natural  rock  cement,  6787-928,  7648, 
8335-389;  analyses,  6792,  683*,  8176; 
brands,  885,  887,  889,  891 ;  chemical 
composition  of  rock,  6897-928;  dia- 
gram showing  effect  of  lime  sulfate 
on  rate  of  setting,  illus.  facing 
p.  702 ;  directory  of  producers,  847*- 
48 ;  fineness,  885,  887,  889,  891 ;  in- 
dustry, 6818-857;  kiln  for  burning, 
illus.  facing  p.  688;  localities,  885, 
887,  889,  891;  manufacture,  6878- 
897,  8172;  physical  properties  of 
rock,  6858-872;  table  of  production, 
6812.    See  also  Tests. 

"  Neat  "  cement,  7189. 

Needle  test,  7246. 

New   York    &   Roscndale    cement   co., 

835. 
New   York   cement   co.,    835;    quarry, 

illus.  facing  p.  821. 
New   York   county,   limestone   forma- 
tions, 800. 
Newark    &    Rosendale,    cement    mine, 

835. 
Newark   cement  co.,   8223,   835;    illus. 

facing  p.  823;  old  mine,  illus.  facing 

p.  834. 
Newberry,  S.  B.,  cited.  6949,  6959,  6976, 

6998,    7108,    733*,    7338,    8631,    875*;     ' 

work  of,  7246. 
Newberry,  W.  B.,  cited,  0976. 
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Newlaad.  D.  H.,  analyses  by,  775', 
7852,  7909-eil.  7BlB-9za.  7a63.  8013; 
dted,  6260. 

Newman,  H,  L.  &■  W.  C,  cement 
works,  8381. 

Niagara  county,  limestone  formatioiu, 
eo04-IT, 

Niagara  limestone,  T5SB^5{K<;  analy- 
BiB.  8013;  in  Cayiipa  county,  772=; 
in  Genesee  county,  7839;  in  U^li- 
son  poiinty,  793*;  ID  Monroe  county, 
7346;  in  Niagara  county,  800*;  in 
Oneida  oounty,  SOSS;  in  Onondaga 
county,  803S;  in  Orleans  county, 
810T;  in  Ulster  county,  824*;  in 
Wayne  county,  8283.  See  alMO 
Ouelph  limestone. 

Nichols,  D.,  4  son,  quarry,  827*. 

Norcroas  Bros.,  saoe,  83 IB, 

Norton,  F.  0.,  cement  mine,  836. 

O'Connell  i  lliilery,  8300,  8310. 

O'Connor,  G.  H.,  quarry,  789*. 

Oneida  county,  limestone  formatiomi, 
801S-3B. 

Onionfomi,  marl  near.  Ulna,  ftieing 
p.  793. 

Ottoodagn,  county,  limestone  famm- 
tions,  803B-7T,  BIOT;  cement  quar- 
ries in,  83sa. 

Onond.iga  limcflonc,  7053;  analyses, 
7733,  7811 ;  in  Alhany  county,  7890- 
TCB;  in  Cayuga  county,  7720;  in 
Erie  county.  7793,  7808;  m  UMer 
county.  8211. 

Ontario  county,  limestone  formations, 
8078-81, 

Orange  county,  limestone  formations, 
SOSa-lOfl. 

Organic  matter  in  limestones,  6433, 
8448. 

Origin   of  limestones,   64JI-43S. 

Oriskany  Falls,  quarry,  illus.  facing 
p.  803. 

Orleans  county,  limestone  formations, 
810T-11S. 

Orloii.  K..  cited,  045T. 

OBBininfi,  quarry,  illus.  facing  p.  828. 

Otisvillp,  quarry  in  Pentamerus  lime- 
stone, illus.  facing  p.  810. 


Paper-makinK,  6,^26-532,  87  H. 

Pentamerus  limestone,  763>.  8{>89;  nn- 
alysis,  6I7S:  quarry,  illus.  facing 
p,  770,810;  in  Albany  county,  7707; 
in  Columbia  county,  776a;  ;„  Greene 
county.  7869;  in  Seboharie  county. 
8168;    in   Ulster   county,   8229. 

Pepson,  Cliarlea  M.,  referred  to,  877«. 

Perldnaville,  marl,  illuh.  facing  p.  819; 
plant  of  Genesee  Wayland  cement 
CO.,  illus,  facing  p,  872. 

Pike  quarries,  795S, 

Polilmnn,  J.,  cited,  7790. 

Portland  cement,  693f-750O;  American. 
composition  of,  0067-7062;  analyaea, 
7(101,  704t-fI2.  8521,  854*,  856T,  8«1T, 
8028,  8628,  8840.  8063,  867*.  8081, 
869T.  S711,  8718-72=:  apparatus  for 
determining  permanency  of  voliiine. 
illus.  facing  p.  730;  brands.  884,  886, 
888,  800;  burning,  7078-83;  dia- 
gram showing  production,  imports, 
.ind  eonsumptioUi  itlus.  facing  p.  093  i 
diagram  siiowinc;  effect  of  lime 
sulfate  on  rate  of  setting,  illua.  fac- 
ing p.  702;  fineness,  ,SS4,  8S6,  886, 
800;  loealitUs,  884,  886,  888,  890; 
marl  used  for,  8113;  materials,  873*- 
70 ;  materials,  analyses  of,  854T, 
850T;  "natural",  8790-732;  produc- 
tion in  United  States,  694i;  specific 
grai-ity,  7083;  uses,  694B; 

manufacture  '001-16^,  8171,  8197; 
in  ^ew  \orli  state  8001-76;  plants  in 
New  "Sork  in  1000  S58!i-5!B:  in  New 
York  during  IWO-1,  8593;  near 
Caledonia  S'O^  at  Carthage  Land- 
ing on  the  Hudson  8523;  at  Croton 
on  the  Hud  on  8518  at  Glens  Falls, 
aS7T  8b6(  Jt  nowe  Cave,  8.588, 
8081  near  Ithaca  8631;  at  Jordan, 
858,  8012  at  Kingston,  850*-510; 
at  Low  Pomt,  8al5,  at  Monteiuma, 
8.^51-58*:  at  Smiths  Landinp.  858B. 
8021;  at  South  Rondout,  8631;  at 
Warners,  8578,  aggo,  803*;  at  Way- 
land,  85fil,  870*.  87l«i  at  West  Camp, 
8(10'*.     See  atao  Tests. 
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Portland   cement   industry,   6958-96«; 

in  New  York  state,  early  history  of, 

84»-59. 
Potnsfiiiim  dichromate,  6711. 
Pottery  glazes,  6725. 
Pozzuolanas,  6666,  677*. 
Pi'ifestly,  analysis  by,  8139-142. 
Prospecting  for  limestones,  6482-50<t. 
Prosser,  Charles  S.,  cited,  8010,  8691, 

8695. 
Pulverizers,  688*. 
Ihitnam  county,  limestone  formations, 

8113. 
Putnam  estate,  quarries,  8032. 
Pyroxene  in  limestones,  651*. 

Quartz  in  limestones,  6512. 
Quicklime,  6657. 

Bamaey,  C.  R.,  analyses  by,  8173. 

Raymond  pulverizer,  8668. 

Redgrave,  cited,  699*,  7001. 

Refractory  bricks,  6678-681. 

Rensselaer  county,  limestone  forma- 
tions, 8117-128. 

Richardson,  cited,  6732,  6742,  6761, 
6861,  6908,  6913,  7038;  analyses  by, 
6833. 

Ricketts,  P.  de  P.,  analysis  by,  830^- 
318. 

Riehle  Bros,  machine  for  testing  ce- 
ment briquets,  7222;  illus.  facing 
p.  722. 

Ries,  Ileinrich,  cited,  7698,  8089. 

Rochester,  quarries,  illus.  facing  p.  795, 
796. 

Rockland  county,  limestone  forma- 
tions, 8083-106. 

Roman  cements,  6787. 

Rondout,  cement  quarries  in,  8338; 
old  mine,  illus.  facing  p.  834;  rock 
at  slope  of  Newark  cement  co.,  illus. 
facing  p.  823. 

Rondout  region,  8235. 

Rosendale,  cement  quarries  in,  8338; 
cement  mines,  835;  illus.  facing 
p.  834 ;  quarry,  illus.  facing  p.  821 : 
slip  of  rock,  illus.  facing  p.  834. 

Rosendale  cement,  see  Natural  rock 
cement.  . 


Rosendale  region,  8235. 

Ross,  George,  quarry,  7996. 

Rotary  kiln,  7088,  7111 ;  at  South  Ron- 
dout,  8537;  at  Montezuma,  8558; 
development  in  New  York,  8575;  sec- 
tion of,  illus.  facing  p.  711;  detail 
of  cooling  chamber,  illus.  facing 
p.  711. 

Russell,  I.  C,  cited,  7672. 

St  Lawrence   county,  limestone  for* 

mations,  812*-156. 
Salina    watcrlime,     7641;     in    Ulster 

county,  8232. 
Sampling  cement  to  be  tested,  7407- 

412. 

Sand  used  in  cement  tests,  723*;  stan- 
dard, 7421. 

Sand  cement,  733^343,  8688,  8726. 

Sanderson,  J.  Gardner,  acknowledge 
ments  to,  8495,  8502. 

Sandusky  cement  co.,  696*. 

Saratoga  county,  limestone  forma- 
tions, 8156-16*. 

SchacfTer,  C.  A.,  analysis  by,  8178^ 
8696. 

Schenectady  county,  limestone  forma- 
tions, 8165. 
;  Schneider,  P.  F.,  cited,  803©. 
;  Schoch,  C,  cited,  661©,  6659,  6989,  6091. 
Schoharie    county,    limestone    forma- 
tions, 8160-183. 
Schuyler  county,  limestone  formations, 
8183. 

Scutella  beds,  7618;  in  Albany  county^ 
7703;  in  Columbia  county,   7766. 

Seely,  H.  M.,  cited,  7818. 

Seneca  blue  limestone,  765*. 

Seneca  county,  limestone  formations, 
8185-196. 

Seneca  limestone  in  Cayuga  county, 
7726. 

Setting  of  cement,  7241-26*,  7403;  time 
of,  7444,  7508;  results  of  tests  for 
time  of,  diagrams  facing  p.  890. 

Shale  in  Portland  cement,  8761. 

Shnlebo,  J.,  quarry,  7727. 

Shaly  limestone,  6437. 

Shcedy,  T.  W.,  cement  works.  8383. 

Sborrord,  J.  M.,  analysis  by,  799*. 
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Shlnii,  J.  K.  Si  Bro,.  quarry,  0963. 
GhQfer   kilns,   TOSS;    section   at,   illiu. 

faring  p.  710. 
Shute  &  Bightmyer,  7778;  quarry,  illus. 

facing  p.  777. 
Sieves    for    aBcertaioiog    ttnenese     of 

cement,  741  a. 
Silica  in  limestones,  044^. 
Silica  cement,  SS83,  872o. 
Silicious  UmeHtone,  &I3B,  646. 
Simpson.  J.,  quarry,  7B2S. 
Sinclair,  J.,  Co.,  830=. 
Sing  Sing  lime  co.,  828S,  8208. 
Stag  cements,  8732. 
Slaking  lime,  604*-fl8S.  073'-7fl8. 
Smith,  B.  P.,  quarry.  772T. 
Smith,  C„  quarry,  780*. 
Smith,  W.  A.,  quoted,  866». 
Smiths     Landing,     Portland     cement 

manufsctured  at,  858S.  8921;  works 

of  CatakiU  cement  cu.,  illuH.  facing 

p.  802. 
Smock,  J.  C.  cited.  76fl8,  8023. 
Smyth,  C.  H.  jr.  cited,  8120,  813^. 
Snow's  quarry,  706^. 
Snyder,  A.  J.  &  Son,  cement  mine,  : 
Soap,  maniifacture,  66SS-T03. 
Soda  manufacture.  6599. 
Snlvay  Co-,  SOfiT. 
South     Bethlehem,    (imirry    in     Lc 

Helderberg    linie'itnnc.    illUB.    facing 

p.  771. 
South  Dover  marble  eo.  quarry,  illi 

facing  p.  778. 
South      Rondout,      Portland      cemt 

manufaetured  at,  353'. 
Stafford  limestone,  760^. 
Staine,  T.  F,,  quarry,  Sll^. 
Standard  silica  cement  CO..  872i. 
Stead  man  disintegrators,  689*,  337^. 
Steuben  county,  limestone  formatio 

SlOe. 
Steven's  quarry,  813». 
Stone,  a.  A.,  analysis  hy,  8003. 
Stone,  Or.  H.,  analyses  by,  820". 
fitout  Bros.,  quarry,  7938. 
Street's  quarry,  804". 
Strength,  tests  for,  744T,  749T-50T. 
Sturtevant  crushers,  SSeT, 


Sturtevant  disintegrator,   iUua.   facing 

p.  669. 
Sturtevant    emery    mill,    verticn]    see- 

Sturtevant    emery    mill    atone,    illna. 

facing  p.  689. 
Sturtevant  mills,  8653. 
Sturtevant  roil  jaw  crusher,  688B;  Ter- 

ticul  section,  illus.  facing  p.  6S8. 
Sugar  manufacture,  65d«-58i. 
SyracUBG.  cement  quarries  Id,  83B1. 

Tanning,  6702. 

Tensile  strength  of  cement,  73T8-S92; 
of  natural  rock  cements,  S8S,  887, 
SS9.  891 ;   of  Portland  cements,  884, 

886.  888,  800;  tests  for,  n8»'23», 
7348-35",  744B-*68i  864*,  857» ;  F«ir- 
banks  machine  for  testing,  illiu.  fac- 
ing p,  722;  results  of  tests,  diagrams 
facing  p.  800. 

Tentaculite  limestone,  TOOO,  "63S;  an- 
alysed, 7383,8173;  in  Albany  eotmtjr, 
7700;  in  Greene  county,  788»;  in 
Herkimer  county,  T88S;  in  Scho- 
harie county,  610"i  in  Ulster  counQ', 
8232. 

Terry  Bros,  brickyard,  illus.  faring 
p.  S22. 

Tests  of  cement,  specifications  adopted 
by  engineering  societies,  7343-508; 
abstract  from  French  speciflcations, 
74fia-S09;  German  specifications, 
743a-]fi8;  machine  for,  illua.  facing 
p.  772;  made  by  the  state  engineer 
during  IS97-I900,  877-Bl ;  of  Port- 
land cements,  71G8,  884,  886.  SSS, 
890;   of  natural  rock   cements.   835, 

887.  889.  891.  See  also  Ftneneaa; 
Setiing,  time  of;  Tensile  strength. 

Tetmajer.  Prof.,  cited,  7029. 
Testiire  of  limestones,  6318-322. 
Thomas.  G.  C.  &,  Bros.,  8188. 
Toaikins   Cove,   quarry  in  Cakiferous 

liiQestone,  illus.  facing  p.  809. 
Tomiikins    county,    limestone    forma- 

tioni,  8198-20*. 
Tonccda,  E.,  analysis  by,  7762, 
Traas,  677*. 
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Travertin,  6415,  646. 

Trenton  limestone,  647©,  7557-^86,  8678; 
analyses,  788«-8»«,  791*-922,  792*, 
7991,  8023,  8251,  8278;  UIub.  facing 
p.  618;  quarry,  illus.  facing  p.  824, 
828;  in  Clinton  county,  7752;  in  Es- 
sex county,  7821;  in  Fulton  county, 
7835;  in  Herkimer  county,  7888;  in 
Jefferson  county,  7898;  in  Lewis 
county,  7907,  7917-92*;  in  Mont- 
gomery county,  798*;  in  Oneida 
county,  8022;  in  Saratoga  county, 
8158,  8163;  in  Warren  county,  8247; 
in  Washington  county,  827*. 

Trenton-Chazy  limestone,  analyses, 
8127-133;  in  St  Lawrence  county, 
812*. 

Tube  mills,  7146. 

Tuckahoe  marble  co.,  8308,  831*. 

Tuckahoe,  quarry,  illus.  facing  p.  830. 

Tufa,  6418. 

Tully  limestone,  7662;  analysis,  8203; 
in  Seneca  county,  819*;  in  Tompkins 
county,  8198. 

Tuomey,  D.,  quarry,  789*. 

Turner,  R,  quarry,  8228. 

mater  county,  limestone  formations, 
8208-248. 

Union  Akron  cement  co.,  8368,  8373, 
8381;  kilns,  illus.  facing  p.  836; 
storehouse,  illus.  facing  p.  836. 

Union  Springs,  quarries  in  Comiferous 
limestone,  illus.  facing  p.  772. 

Upper  Helderberg  limestone,  7661; 
analysis,  3191;  in  Cayuga  county, 
7728;  in  Greene  county,  7861;  in 
Onondaga  county,  8038,  8069;  in  On- 
tario county,  807*;  in  Seneca  county, 
8188. 

Upper  Pentamerus  limestone,  see  Be- 

craft  limestone. 
Upper     shaly     limestone     in     Ulster 

county,  8215. 
Uses  of  limestone,  6523-598. 
Utica  shale,  illus.  facing  p.  788. 

Vandermark,  J.  H.,  cement  mine,  835. 
Vanuxem,  Lardner,  cited,   7838,   787®, 
7908,  7939,  7989,  8019,  8039,  8169. 


Vegetation  as  a  clue  to  character  of 

underlying  rock,  650^. 
Vesuvianite  in  limestones,  6618. 
Vicat's  needle  test  of  Portland  cement, 

7258. 
Vulcanite  cement  co.,  696*.  ^ 

Wagner,  cited,  6598. 

Walcott,  cited,  7548. 

Walker,  L.  H.,  quarry,  8388. 

Wallkill  Portland  cement  co.,  8518- 
549. 

Warners,  Portland  cement  manufac- 
tured at,  8579,  8586,  863*;  old  plant 
of  Empire  Portland  cement  co.,  illus. 
facing  p.  865;  marl,  illus.  facing 
p.  807,  864. 

Warners  Portland  cement  co.,  8579. 

Warren  county,  limestone  formations, 
8247-259. 

Washington  county,  limestone  forma- 
tions, 8261-281. 

Waterlime,  8ee  Hydraulic  limes. 

Waterlime  group,  868*;  cement  mine, 
illus.  facing  p.  834;  old  mine  of  the 
Newark  cement  co.,  illus.  facing 
p.  834;  quarries,  illus.  facing  p.  834. 

Waterloo,  quarry,  illus.  facing  p.  818. 

Waters,  J.,  quarry,  7922. 

Watt,  cited,  6699. 

Wayland,  Portland  cement  manufac- 
tured  at,  8591,  870*,  8718;  plant  of 
Millen  cement  co.,  illus.  facing  p.  870. 

Wayland  Portland  cement  co.,  8198, 
8592,  8718-725. 

Wayne  county,  limestone  formations, 
8281. 

Weight  of  cement,  relation  to  tensile 
strength,  7401. 

Wernerite  in  limestones,  6515. 

West  Camp,  Portland  cement  manu- 
factured at,  8608. 

Westchester  county,  dolomites,  6481, 
C675;  limestone  formations,  828*- 
331. 

Western   Portland   cement  co.,   6963. 

White,  T.  G.,  cited,  7818,  7829,  7879, 
7909,  8019. 
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WhiUi  CtiflB  Portland  cement  co.,6004.    n'olliustniiite  in  limestone*,  6E1S 

Whiteport,      quarries,      illus.      facing  I  Wood,  G.  P.,  quarry,  772T, 
p.  834. 

Whitmore,  Rauber  &,  Vicinus,  quarry, 
70601  illiiB.  facing  p.  705. 

Williotna,  C.,  &  Co.,  81G«. 

Williamg.  S.  G.,  cited,  761t>. 

Willsboro  point,  quarry  on,  illus.  fac- 
ing p.  782. 


Wright,  B.  H.,  cited,  833». 

Wright,  C.  R.  A..  6599. 

Yates  county,  invl  1 
Zirkel,  F.,  cited,  6*28.  645T, 


